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CONSTITUTION   OF   THE  ASSOCIATION* 


OBJECTS. 

The  Association  shall  be  called  "  The  American  Association 
for  the  Advancement  of  Science,"  The  objects  of  the  Associa- 
tion are,  by  periodical  and  migratory  meetings,  to  promote  inter- 
course between  those  who  are  cultivating  science  in  diiFerent 
parts  of  the  United  States,  to  give  a  stronger  and  more  general 
impulse,  and  a  more  systematic  direction,  to  scientific  research 
in  our  country,  and  to  procure  for  the  labors  of  scientific  men 
increased  facilities  and  a  wider  usefulness. 


MEMBERS. 

Rule  1.  Members  of  scientific  societies,  or  learned  bodies, 
having  in  view  any  of  the  objects  of  this  Association,  and  pub- 
lishing transactions,  shall  be  considered  members  on  subscribing 
these  rules. 

Rule  2.  Collegiate  professors,  also  civil  engineers  and  archi- 
tects, who  have  been  employed  in  the  construction  or  superin- 
tendence of  public  works,  may  become  members  on  subscribing 
these  rules'. 


*  Adopted  August  25, 1856,  and  ordered  to  go  into  effect  at  the  opening  of  the 
Montreal  Meeting.     Amended  at  Burlington,  August,  18G7 


XIV  CON'STITUTION    OF    THE   ASSOCIATION. 

Rule  3.  Persons  not  embraced  in  the  above  provisions  may 
becgpne  members  of  the  Association  upon  recommendation  in 
writing  by  two  members,  nomination  by  the  Standing  Commit- 
tee, and  election  by  a  majority  of  the  members  present. 

OFFICERS. 

Rule  4.  The  officers  of  the  Association  shall  be  a  President. 
Vice-President,  General  Secretary,  Permanent  Secretary,  and 
Treasurer.  The  President,  Vice-President,  General  Secretary, 
and  Treasurer  shall  be  elected  at  each  meeling  for  the  following 
one  ;  —  the  three  first-named  officers  not  to  be  re-eligible  for  the 
next  two  meetings,  and  the  Treasurer  to  be  re-eligible  as  long 
as  the  Association  may  desire.  The  Permanent  Secretary  shall 
be  elected  at  each  second  meeting,  and  also  be  re-eligible  as 
long  as  the  Association  may  desire.. 

MEETINGS. 

Rule  5.  The  Association  shall  meet,  at  such  intervals  as  it 
may  determine,  for  one  week,  or  longer,  — the  time  and  place  of 
each  meeting  being  determined  by  a  vote  of  the  Association  at 
the  previous  meeting ;  and  the  arrangements  for  it  shall  be  in- 
trusted to  the  officers  and  the  Local  Committee. 


STANDING    COMMITTEE. 

Rule  6.  There  shall  be  a  Standing  Committee,  to  consist  of 
the  President,  Vice-President.  Secretaries,  and  Treasurer  of  the 
Association,  the  officers  of  the  preceding  year,  the  permanent 
Chairman  of  the  Sectional  Committees,  after  these  shall  have 
been  organized,  and  six  members  present  from  the  Association 
at  large,  who  shall  have  attended  any  of  the  previous  meetings, 
to  be  elected  upon  open  nomination  by  ballot  on  the  first  as- 
sembling of  the  Association.  A  majority  of  the  whole  number 
of  votes  cast  to  elect.  The  General  Secretary  shall  be  Secretary 
of  the  Standing  Committee. 


OONSlnTUTIUN    or    THE    A. s  si  O  CI  ATI  UN*.  XV 

The  duties  of  the  Standing  Committee  shall  be,  — - 

I.  To  assign  papers  to  the  respective  sections. 

2»  To  arrange  the  scientitic  business  of  the  general  meetings, 
tt)  suggest  topics,  and  arrange  the  programmes  for  the  evening 
meetings. 

3.  To  suggest  to  the  Association  the  place  and  time  of  the 
next  meeting. 

4.  To  examine,  and,  if  necessary,  to  exclude  papers. 

5.  To  suggest  to  the  Association,  subjects  for  scientific  reports 
and  researches. 

6.  To  appoint  the  Local  Committee. 

7.  To  have  the  general  direction  of  publications. 

8.  To  manage  any  other  general  business  of  the  Association 
during  the  session,  and  during  the  interval  between  it  and  the 
next  meeting. 

9.  In  conjunction  with  four  from  each.  Section,  to  be  elected 
by  the  Sections  for  the  purpose,  to  make  nominations  of  officers 
of  the  Association  for  the  following  meeting. 

10.  To  nominate  persons  for  admission  to  membership. 

II.  Before  adjourning,  to  decide  Which  papers,  discussions, 
or  other  proceedings  shall  be  published. 


SECTIONS. 

Rule  7.  The  Association  shall  be  divided  into  two  Sections, 
and  as  many  sub-Sections  as  may  be  necessary  for  the  scientific 
business,  the  manner  of  division  to  be  determined  by  the  Stand- 
ing Committee  of  tiie  Association.  The  two  Sections  may 
meet  as  one. 

Sectional  officers  and  committees. 

Rule  8.  On  the  first  assembling  of  the  Section,  the  members 
shall  61ect  upon  open  noujination  a  permanent  Chairman  and 
Secretary,  also  three  other  members,  to  constitute,  with  these 
orticers,  a  Sectional  Conmiittee. 


IVl  CONSTITUTION    OF    THK    ASSOCIATION. 

The  Section  shall  appoint,  from  day  to  day,  a  Chairman  to 
preside  over  its  meetings. 

Rule  9.  It  shall  be  the  duty  of  the  Sectional  Committee  of 
each  Section  to  arrange  and  direct  the  proceedings  in  their  Sec- 
tion ;  to  ascertain  what  communications  are  offered;  to  assign 
the  order  in  which  these  communications  shall  appear,  and  the 
amount  of  time  which  each  shall  occupy. 

The  Sectional  Committees  may  likewise  recommend  sub- 
jects for  systematic  investigation  by  members  willing  to  under- 
take the  researches,  and  to  present  their  results  at  the  next  meet- 
ing. 

The  Sectional  Committee  may  likewise  recommend  reports 
on  particular  topics  and  departments  of  science,  to  be  drawn  up 
as  occasion  permits,  by  competent  persons,  and  presented  at 
subsequent  meetings. 


Reports  of  proceedings. 

Rule  10.  Whenever  practicable,  the  proceedings  shall  be  re- 
ported by  professional  reporters,  or  stenographers,  whose  reports 
are  to  be  revised  by  the  Secretaries  before  they  appear  in 
print. 


PAPERS   AND    COMMUNICATIOJfS. 

Rule  11.  No  paper  shall  be  placed  in  the  programme,  un- 
less admitted  by  the  Sectional  Committee ;  nor  shall  any  be 
read,  unless  an  abstract  of  it  has  been  previously  presented 
to  the  Secretary  of  the  Section,  who  shall  furnish  to  the  Chair- 
man the  titles  of  papers,  of  which  abstracts  have  been  re- 
ceived. 

Rule  12.  The  author  of  any  paper  or  communication  shall 
be  at  liberty  to  retain  his  right  of  property  therein,  provided 
he  declares  such  to  be  his  wish  before  presenting  it  to  the 
Association. 
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Rule  13.  Copies  of  all  communications,  made  either  io  the 
General  Association  or  to  the  Sections,  must  be  furnished  by 
the  authors  ;  otherwise  only  the  titles,  or  abstracts,  shall  appear 
in  the  published  proceedings. 

Rule  14.  All  papers,  either  at  the  general  or  in  the  sectional 
meetings,  shall  be  read,  as  far  as  practicable,  in  the  order  in 
which  they  are  entered  upon  the  books  of  the  Association ;  ex- 
cept that  those  which  may  be  entered  by  a  member  of  the  Stand- 
ing Committee  of  the  Association  shall  be  liable  to  postpone- 
ment by  the  proper  Sectional  Committee. 

Rule  15.  If  any  communication  be  not  ready  at  the  as- 
signed time,  it  shall  be  dropped  to  the  bottom  of  the  list,  and 
shall  not  be  entitled  to  take  precedence  of  any  subsequent  com- 
munication. 

Rule  16.  No  exchanges  shall  be  made  between  members 
without  authority  of  the  respective  Sectional  Committees. 


general  and  evening  meetings. 

Rule  17.  The  Standing  Committee  shall  appoint  any  gen- 
eral meeting  which  the  objects  and  interests  of  the  Association 
may  call  for,  and  the  evenings  shall,  as  a  rule,  be  reserved  for 
general  meetings  of  the  Association. 

These  general  meetings  may,  when  convened  for  that  pur- 
pose, give  their  attention  to  any  topics  of  science  which  would 
otherwise  come  before  the  Sections. 

It  shall  be  a  part  of  the  business  of  these  general  meetings 
to  receive  the  Address  of  the  President  of  the  last  meeting ; 
to  hear  such  reports  on  scientific  subjects  as,  from  their  general 
importance  and  interests,  the  Standing  Committee  shall  select ; 
also  to  receive  from  the  Chairman  of  the  Sections  abstracts  of 
the  proceedings  of  their  respective  Sections ;  and  to  listen  to 
communications  and  lectures  explanatory  of  new  and  important 
discoveries  and  researches  in  science,  and  new  inventions  and 
processes  in  the  arts. 
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ORDER    OF  PROCEEDINGS    IN    ORGANIZING    A    MEETING. 

Rule  18.  The  Association  shall  be  called  to  order  by  the 
President  of  the  preceding  meeting;  and  this  officer  having  re- 
signed the  chair  to  the  President  elect,  the  General  Secretary 
shall  then  report  the  number  of  papers  relating  to  each  depart- 
ment which  have  been  registered,  and  the  Association  consider 
tlie  most  eligible  distribution  into  Sections,  when  it  shall  pro- 
ceed to  the  election  of  the  additional  members  of  the  Standing 
Committee  in  the  manner  before  described  ;  the  meeting  shall 
then  adjourn,  and  the  Standing  Committee,  having  divided  the 
Association  into  sections  as  directed,  shall  allot  to  each  its  place 
of  meeting  for  the  Session.  The  Sections  shall  then  organize  by 
electing  their  officers  and  their  representatives  in  the  Nominat- 
ing Committee,  and  shall  proceed  to  business. 


PERMANENT    SECRETARY. 

Rule  19.  It  shall  be  the  duty  of  the  Permanent  Secretary 
to  notify  members  who  are  in  arrears,  to  provide  the  necessary 
stationery  and  suitable  books  for  the  list  of  members  and  titles 
of  papers,  minutes  of  the  general  and  sectional  meetings,  and 
for  other  purposes  indicated  in  the  rules,  and  to  execute  such 
other  duties  as  may  be  directed  by  the  Standing  Committee  or 
by  the  Association. 

The  Permanent  Secretary  shall  make  a  report  annually  to  the 
Standing  Committee,  at  its  first  meeting,  to  be  laid  before  the 
Association,  of  the  business  of  which  he  has  had  charge  since 
its  last  meeting. 

All  members  are  particularly  desired  to  forward  to  the  Per- 
manent Secretary,  so  as  to  be  received  before  the  day  appointed 
for  the  Association  to  convene,  complete  titles  of  all  the 
papers  which  they  expect  to  present  during  its  meeting,  with  an 
estimate  of  the  time  required  for  reading  each,  and  such 
abstracts  of  their  contents  as  may  give  a  general  idea  of  their 
nature. 


CONSTITUTION    OF    THE    ASSOCIATION.  XIX 

Whenever  the  Permanent  Secretary  notices  any  error  of  fact 
or  unnecessary  repetition,  or  any  other  important  defect  in  the 
papers  communicated  for  publication  in  the  proceedings  of  the 
Association,  he  is  authorized  to  commit  the  same  to  the  author, 
or  to  the  proper  sub-committee  of  the  Standing  Committee  for 
correction. 


LOCAL   COMMITTEE. 

Rule  20.  The  Local  Committee  shall  be  appointed  from 
among  members  residing  at,  or  near,  the  place  of  meeting  for 
the  ensuing  year ;  and  it  shall  be  the  duty  of  the  Local  Com- 
mittee, assisted  by  the  officers,  to  make  arrangements  and  the 
necessary  announcements  for  the  meeting. 

The  Secretary  of  the  Local  Committee  shall  issue  a  circular 
in  regard  to  the  time  and  place  of  meetings,  and  other  particu- 
lars, at  least  one  month  before  each  meeting. 


SUBSCRIPTIONS. 

Rule  21.  The  amount  of  the  subscription,  at  each  meeting 
of  each  member  of  the  Association  shall  be  two  dollars,  and  one 
dollar  in  addition  shall  entitle  him  to  a  copy  of  the  proceedings 
of  the  annual  meeting.  These  subscriptions  shall  be  received 
by  the  Permanent  Secretary,  who  shall  pay  them  over,  after  the 
meeting,  to  the  Treasurer. 

The  admission  fee  of  new  members  shall  be  five  dollars.  In 
addition  to  the  annual  subscription  :  and  no  person  shall  be 
considered  a  member  of  the  Association  until  this  admission 
fee  and  the  subscription  for  the  meeting  at  which  he  is  elected 
have  been  paid. 

Rule  22.  The  names  of  all  persons  two  years  in  arrears  foi 
annual  dues  shall  be  erased  from  the  list  of  members ;  provided 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least  three 
months,  shall  have  been  previously  given.   - 


XX  CONSTITUTION    OF    THE   ASSOCIATION. 

ACCOUNTS. 

Rule  23.  The  accounts  of  the  Association  shall  be  audited, 
annually,  by  auditors  appointed  at  each  meeting. 

ALTERATIONS    OF   THE   CONSTITUTION 

Rule  24.  No  article  of  this  constitution  shall  be  altered,  or 
amended,  or  set  aside,  without  the  concurrence  of  three  fourths 
of  the  members  present,  and  unless  notice  of  the  proposed 
change  shall  have  been  given  at  the  preceding  annual  meeting. 


NOTE. 

A  proposition  to  rescind  Rules  1  and  2  and  to  alter  the  phraseology  of  Rule 
3,  so  as  to  conform  to  the  proposed  amendments,  was  made  at  the  Burling- 
ton meeting,  and  will  come  up  for  final  action  at  the  meeting  in  Chicago. 


KESOLUTIONS 


PERMANENT    AND    PROSPECTIVE    CHARACTER, 


ADOPTED    AUGUST    19,    1857. 


1.  ^0  appointment  may  be  made  in  behalf  of  the  Association,  and 
no  invitation  given  or  accepted,  except  by  vote  of  the  Association  or 
its  Standing  Committee. 

2.  The  General  Secretary  shall  transmit  to  the  Permanent  Secre- 
tary for  the  files,  within  two  weeks  after  the  adjournment  of  every 
meeting,  a  record  of  the  proceedings  of  the  Association  and  the  votes 
of  the  Standing  Committee.  He  shall  also,  daily,  during  the  meetings, 
provide  the  Chairman  of  the  two  Sectional  Committees  with  lists  of  the 
papers  assigned  to  their  Sections  by  the  Standing  Committee. 

3.  All  printing  for  the  Association  shall  be  superintended  by  the 
Permanent  Secretary,  who  is  authorized  to  employ  a  clerk  for  that 
especial  purpose. 

4.  The  Permanent  Secretary  is  authorized  to  put  the  proceedings  of 
the  meetings  to  press  one  month  after  the  adjournment  of  the  Associa- 
tion. Papers  which  have  not  been  received  at  that  time  may  be  pub- 
lished only  by  title.  No  notice  of  articles  not  approved  shall  be  taken 
in  the  published  proceedings. 

5.  The  Permanent  Chairmen  of  the  Sections  are  to  be  considered 
their  organs  of  communication  with  the  Standing  Committee. 


XXll  RESOLUTIONS. 

6.  It  shall  be  the  duty  of  the  Bccretarios  of  the  two  Sections  to 
receive  copies  of  the  papers  read  in  their  Sections,  all  suh-sections 
included,  and  to  furuisli  them  to  the  Permanent  Secretary  at  the  close 
of  the  meeting. 

7.  The  Sectional  Committees  shall  meet  not  later  tiian  9  A.  M.  daily, 
during  the  meetings  of  the  Association,  to  ari'ange  the  programmes  of 
their  respective  sections,  including  all  sub-sections,  foT  the  following 
day.  No  paper  shall  be  placed  upon  these-  programmes  which  shall 
not  have  been  assigned  to  the  Section  by  the  Standing  Committee. 
The  programmes  are  to  be  furnished  to  the  Permanent  Secretarj'' not 
later  than  11  A.  M. 

S-.  Daring  the  meetings  of  the  Association,  the  Standing  Committee 
shall  meet  daily,  Sundays  excepted,  at  9  A.  m.,  and  the  Sections  be 
called  to  order  at  10  A.  M.,  unless  otherwise  ordered.  The  Standing 
Committee  shall  also  meet  on  the  evening  preceding  the  first  assem- 
bling of  the  Association  at  each  annual  meeting,  to  arrange  for  the 
business  of  the  first  day;  and  on  this  occasion  three  sliall  form  a 
quorum. 

9.  Associate  members  may  be  admitted  for  one,  two,  or  three  years 
as  they  shall  choose  at  the  time  of  admission,  — ■  to  be  elected  in  the 
same  way  as  permanent  members,  and  to  pay  the  same  dues.  They 
shall  have  all  the  social  and  scientific  privileges  of  members,  without 
taking  part  in  the  business. 

10.  No  member  may  take  part  in  the  organization  and  business 
arrangement  of  both  the  Sections. 
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Note. — Names  of  deceased  members  are  marked  with  an  asterisk  [*].  The 
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place. 


Abbe,  Clevehiud,  Wa.sUiugton,  District  of  Columbia  (10). 
*A(lams,  C.  B.,  Amherst,  Massachusetts  (1). 

Adelberg,  Justus,  New  York,  New  York    (15). 

Aiken,  W.  E.  A.,  Baltimore,  Maryland  (12). 

Ainsworth,  J.  G.,  Barry,  Massachusetts  (14). 

Albert,  Augustus  J.,  Baltimore,  Maryland  (12). 

Alexander,  Stephen,  Princeton,  New  Jersey  (1). 

Allen,  E.  A.  H.,  New  Bedford,  Massachusetts  (G). 
*Ames,  M.  P.,  Springfield,  INIassachusetts  (1). 

Andrews,  E.  B.,  Marietta,  Ohio  (7). 

Angell,  James  B.,  Burlington,  Vermont  (16). 
*Appleton,  Nathan,  Boston,  Massachusetts  (1). 


MEMBERS    OF    THE    ASSOCIATION. 


B. 

*Baclie,  Alexander  D.,  "Washington,  District  of  Columbia  (1). 

IJacon,  John,  Jr.,  Boston,  Massachusetts  (1). 
*Bailey,  J.  W.,  West  Point,  Kew  York  (1). 

Baird,  S.  F.,  Washington,  District  of  Columbia  (1). 
Bardwell,  F.  W.,  Jacksonville,  Florida  (13). 

Barlow,  Thomas,  Canastota,  New  York  (7). 

Barnard,  F.  A.  P.,  New  York,  New  York  (7). 

Barnard,  Henry,  Madison,  Wisconsin  (12). 

Barnard,  J.  G.,  Washington,  District  of  Columbia  (14). 

Barnes,  James,  Springfield,  Massachusetts  (5). 
■  Barratt,  Joseph,  Middletown,  Connecticut  (13). 

Basnett,  Thomas,  Ottawa,  Illinois  (8). 

Batchelder,  J.  M.,  Cambridge,  Massachusetts  (8). 

Beadle,  E.  E..,  Hartford,  Connecticut  (10). 
*Beck,  C.  F.,  Philadelphia,  Pennsylvania  (1). 
*Beck,  Lewis  C,  New  Brunswick,  New  Jersey  (1). 
*Beck,  T.  Romeyn,  Albanj^,  New  York  (1). 

Bell,  Samuel  N.,  Manchester,  New  Hampshire  (7). 

Benedict,  G.  W.,  Burlington,  Vermont  (16). 

Bigelow,  George  H.,  Burlington,  Vermont  (16). 
*Binney,  Amos,  Boston,  Massachusetts  (1). 
*Binney,  John,  Boston,  Massachusetts  (3). 

Bird,  William  A.,  Buflfalo,  New  York  (15). 

Blake,  Eli  W.,  Burlington,  Vermont  (15). 

Blake,  Eli  W.,  New  Haven,  Connecticut  (1). 
*Blanding,  William,  Rhode  Island  (1). 
*Bomford,  George,  Washington,  District  of  Columbia  (1). 

Bouve,  Thomas  T.  Boston,  Massachusetts  (1). 

Bowditch,  Henry  J.,  Boston,  Massachusetts  (2). 

Bradford,  Isaac,  Jacksonville,  Florida  (14). 

Bradish,  Alvah,  Fredonia,  New  York  (15). 

Bradley,  L.,  Jersey  City,  New  Jersey  (15). 

Brayley,  James,  Buifalo,  New  York  (15). 

Brevoort,  J.  Carson,  Brooklyn,  New  York  (1). 

Briggs,  A.  D.,  Springfield,  Massachusetts  (13). 

Bross,  William,  Chicago,  Illinois  (7). 
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Brown,  Robert  D.,  Jr.,  Cincinnati,  Oliio  (11). 

Brush,  George  J.,  New  Haven,  Connecticut  (11). 

Buchanan,  Robert,  Cincinnati,  Ohio  (2), 

Buck,  C.  K,  New  York,  New  York  (15). 
*Burnap,  G.  W.,  Baltimore,  IVlarykncl  (12). 
*Burnett,  Waldo  I.,  Boston,  Massachusetts  (1). 

Butler,  Thomas  B.,  Norwalk,  Connecticut  (10). 


*Carpenter,  Thornton,  Camden,  South  Carolina  (7). 
*Carpenter,  William  M.,  New  Orleans,  Louisiana  (1). 

Case,  Leonard,  Cle%'eland,  Ohio  (15). 
*Case,  William,  Cleveland,  Ohio  (6). 

Cassels,  J.  L.,  Cleveland,  Ohio  (7). 

Caswell,  Alexis,  Providence,  Rhode  Island  (2). 

Cattell,  William  C,  Easton,  Pennsylvania  (15). 

Chadbourne,  P.  A.,  Williamstown,  Massachusetts  (10). 

Chapin,  A.  L.,  Beloit,  W^isconsin  (14). 
^Chapman,  N.,  Philadelphia,  Pennsylvania  (1). 

Chase,  George  I.,  Providence,  Rhode  Island  (1). 
*Chase,  S.,  Dartmouth    New  Hampshire  (2). 

Chauvenet,  W^illiam,  St.  Louis,  Missouri  (1). 

Chesbrough,  E.  S.,  Chicago,  Illinois  (2). 

Chester,  Albert  H.,  New  York,  New  York  (15). 

Chester,  Albert  T.,  Buffalo,  New  York  (15). 

Chittenden,  L.  E.,  New  York,  New  York  (14). 

Churchill,  Marlborough,  Sing  Sing,  New  York  (13). 

Clapp,  Almon  M.,  Buffalo,  New  York  (15). 
*Clapp,  Asahel,  New  Albany,  Indiana  (1). 
*Clark,  Joseph,  Cincinnati,  Ohio  (5). 

Clark,  Henry,  Worcester,  Massachusetts  (14). 

Cleaveland,  C.  H.,  Cincinnati,  Ohio  (9). 
*Cleveland,  A.  B.,  Cambridge,  Massachusetts  (2). 

Clinton,  George  W.,  Buffalo,  New  York  (15). 

Glum,  Henry  A.,  New  York,  New  York  (9). 

Coakley,  George  W.,  New  York,  New  York  (5). 

Cochran,  D.  H.,  Brooklyn,  New  York  (15). 

Coffin,  C.  C,  Maiden,  Massachusetts  (13). 

Coffin  James  II.,  Easton,  Pennsylvania  (1). 

VOL.    XVI.  D 


y-XYl  MlCMIIKllS    OF     TlIK    ASSOCIATION. 

Coffin,  John  II.  C.,  Wasliington,  District  of  Columbia  (1}. 
*Cole,  Thomas,  Salein,  Massachusetts  (1). 
*Coleman,  Henry,  Boston,  Massachusetts  (1). 

Comstock,  C.  B.,  West  Point,  New  York  (14). 

Conant,  Marshall,  "Washington,  District  of  Columbia  (7). 

Conkling,  Frederick  A.,  New  York,  New  York  (11). 

Conway,  M.  D.,  Cincinnati,  Ohio  (14). 

Copes,  Joseph  S.,  New  Orleans,  Louisiana  (11). 

Corning,  Erastus,  Albany,  Now  York  (6). 

Craig,  B.  F.  Washington,  District  of  Columbia  (15). 

Cramp,  J.  M.,  Acadia  College,  Nova  Scotia  (H). 

Credner,  Herman,  New  York,  New  York  (15). 

Cposby,  Alpheus,  Salem,  Massachusetts  (10). 

Cummings,  Joseph,  Middletown,  Connecticut  (13). 

D. 

Dalrymple,  Kev.  E.  A.,  Baltimore,  Maryland  (11). 

Dana,  James,  D.,  New  Haven,  Connecticut  (1). 

D.anforth,  Edward,  Troy,  New  York  (11), 

Dayies,  Charles,  FishkiU,  New  York  (10). 

Davis,  James,  Jr.,  Boston,  Massachusetts  (1). 

Dawson,  J.  W.,  Montreal,  Canada  (10), 

Dean,  Amos,  Albany,  New  York  (6). 

Dean,  George  W.,  F^vll  River,  Massachusetts  (15). 
*Dearborn,  George  H.  A.  S.,  Roxbury,  Massachusetts  (1). 
*Dekay,  James  E.,  New  York,  New  York  (1). 

Delano,  B.  L.,  Boston,  Massachusetts  (16). 

Delano,  Joseph  C,  New  Bedford,  Massachusetts  (5). 

Denson,  Claudius  B.,  Pittsboro,  North  Carolina  (12). 
-*Dewey,  Chester,  Rochester,  New  York  (1). 

Dexter,  G.  M.,  Boston,  Massachusetts  (11). 

Dinwiddle,  Robert,  New  York,  New  York  (1). 

Dixwell,  Epes  S.,  Cambridge,  Massachusetts  (1). 

Dobbins,  David  P.,  Buffalo,  New  York  (15). 

Dorr,  E.  P.,  Buffalo,  New  York  (15). 

Dow,  George  W.,  Chicago,  Illinois  (13). 

Downes  John,  Washington,  District  of  Columbia  (10). 

Drowne,  Charles,  Troy,  New  York  (6). 
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*i/acatel,  J.  T.,  Baltimore,  Maryland  (1). 

Diiffield,  George,  Detroit,  ]\Iichigan  (10). 
*Dumont,  A.  H.,  Newport,  Eliode  Island  (14). 
*Duncaa,  Lucius  C,  New  Orleans,  Louisiana  (10). 
*Dunn,  R.  P.,  Providence,  Rhode  Island  (14). 

Dunn,  T.  C,  Newport,  Rhode  Island  (14). 

Dyer,  Elisha,  Pi-ovidence,  Rhode  Island  (0). 

E. 

Elaston,  Norman,  Fall  River,  Massachusetts  (14). 
Eaton,  Daniel  C,  New  Haven,  Connecticut  (13). 
Eliot,  Charles  W.,  Boston,  Massachusetts  (14). 
Elliott,  Ezekiel  B.,  Boston,  Massachusetts  (10). 
Elwyn,  Alfred  L.,  Philadelphia,  Pennsylvania  (1). 
Enierson,  George  B.,  Boston,  Massachusetts  (1). 
Engelmann,  George,  St.  Louis,  Missouri  (1). 
Engstrom,  A,  B.,  Burlington,  New  Jersey  (1). 
Eustis,  Henry  L.,  Cambridge,  Massachusetts  (2). 
Evans,  Charles  W.,  Buffalo,  New  York  (15). 
*Everett,  Edward,  Boston,  Massachusetts  (2). 
Everett,  J,  D.  Winsor,  Nova  Scotia  (14). 
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PROFESSOR  J.  S.  NEWBERRY, 

PRESIDENT  OF  THE  AMERICAN  ASSOCIATION  FOR  THE  YEAR  1867; 

ox    RETIKING    FROM    THE    DUTIES    OF    PRESIDENT. 


Gextlkmen  of  thk  American   Associatiox  for  the  Advaxce- 

MKNT    OF    ScIEXCE:  

Every  day  of  our  lives  we  hear  that  tliis  is  an  age  of  j^i'or/fess  j  and 
tliat  it  is  so  we  find  evidence  at  every  turn.  The  rapiditj^  witli  which 
eftects  follow  causes  in  human  events,  the  celerity  with  which  the  plan 
is  carried  into  execution,  gives  to  a  i/ear,  in  the  experience  of  one  of 
the  present  generation,  the  practical  value  of  a  lifetime  in  ages  past. 
Much  labor  has  been  expended  on  the  exposition  of  the  causes  of  the 
mental  activity  of  the  present  age,  and  of  the  grand  achievements 
which  have  attended  it ;  and  yet  the  key  to  the  whole  enigma  is  to  be 
found  in  the  universal  adoption  of  the  comparatively  new  S3^stem  of 
inductive  reasoning.  It  would  be  foreign  to  my  purjjose  to  attempt  to 
illustrate  or  defend  this  projjosition,  and  I  must,  therefore,  trust  to  its 
acceptance  without  argument,  wjiile  we  pass  to  consider  that  branch 
of  the  subject  which  more  immediately  demands  our  attention. 

Although  the  progress  of  the  age  to  which  I  have  referred  has  been 
a  matter  of  wonder  and  delight  to  all  students  of  humanity  and  civili- 
zation, many  of  our  best  men  have  been  somewhat  alarmed  and  dizzied 
by  it;  and,  while  accepting  the  achievements  of  modern  industr}^  and 
thought  as  full  of  present  good  and  future  promise,  they  are  not  a  little 
concerned  lest  our  railroad  speed  of  progress  should  lead  to  its  legiti- 
mate consequences,  a  final  crash  — not  of  things  material,  but  of  those 
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of  iniinitoly  more  value  —  of  opinions  and  of  faith.  As  often  as  it  is 
boasted  that  tliis  is  pre-eminently  an  age  of  progress,  that  boast  is  met 
by  the  inevitable  ''but"  (which  qualifies  our  praise  of  all  things 
earthly)  "  it  is  equally  an  age  of  scx'pticism."  For  the  truth  of  this 
assertion  the  proof  is  nearly  as  palpable  as  of  the  other  ;  and  in  view  of 
the  rutlilessness  with  which  the  man  of  the  present  removes  ancient 
landmarks  and  profanes  shrines  hallowed  by  the  faith  of  centuries,  it  is 
not  surprising  that  many  of  the  good  and  wise  among  us  should  dejilore 
a  liberty  of  thought  leading,  in  their  view,  inevitably  to  license,  and 
mourn  over  this  wide-spread  scepticism  as  an  evil  and  inscrutable  dis- 
ease that  has  fallen  upon  the  minds  and  hearts  of  men. 

Now  for  every  consequence  there  must  be  an  adequate  cause  ;  and 
while  confessing  the  fact  of  this  modern  lack  of  faith,  I  have  thought 
tliat  a  few  moments  given  to  an  analysis  of  it,  and'an  attempt  to  trace 
it  to  its  source,  might  not  be  wholly  misspent,  —  might  possibly,  indeed, 
result  in  giving  a  grain  of  encourafferaent  to  tliose  who  look  with  dis- 
trust  and  dread  upon  the  investigations  and  discussions  which  now 
occupy  so  large  a  portion  of  the  time  and  thought  of  our  men  of  science. 

If  the  wheels  of  time  could,  for  our  benefit,  be  rolled  back,  and  we 
could  see  in  all  its  details  the  civilization  of  Europe  three  or  four  hun- 
dred years  ago,  we  should  find  that  our  so  much  respected  ancestors, 
who  fill  so  large  a  space  on  the  page  of  history,  were  little  better  than 
barbarians.  Among  the  English,  the  Fi'ench,  the  Germans,  Spanish, 
and  Italians  we  should  find  a  phase  of  civilization  which,  excepting 
that  it  included  the  elements  —  as  yet  but  imperfectly  developed  —  of 
a  true  religious  faith,  is  scarcely  to  be  preferred  to  that  of  the  Chinese. 
Aside  from  the  vast  differeuce  perceptible  between  the  civilization  of 
that  epoch  and  ours,  as  exhibited  in  the  political  condition  of  the  peo- 
ple, in  their  social  economj^  and  morals,  the  general  intellectual  dark- 
ness of  the  period  referred  to  could  not  fail  to  impress  us  both  profoundly 
and  i:)ainfull3'.  Out  of  that  darkness  and  chaos  have  come,  as  if  by 
magic,  all  our  modern  democracy,  with  its  individual  liberty  and  dig- 
nity, all  our  civil  and  religious  freedom,  all  our  philanthropy  and 
benevolence,  all  our  diifused  comfort  and  luxury,  most  of  our  good 
manners  and  good  morals,  and  all  the  splendid  achievements  of  our 
modern  scientific  investigation. 

It  is  unnecessary  for  me  here  to  describe  in  detail  the  origin  and 
growth  of  modern  science.  That  has  been  so  well  done  by  Dr.  Whe- 
well,  that  all  men  of  education  are  familiar  with  the  steps  by  which  the 
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grand,  beautiful,  and  synimi'trical  faltric  formed  by  tbe  grouping  of  tlie 
natural  sciences  has  acquired  its  present  lofty  proportions. 

Previous  to  the  period  wlien  the  I^acojiian  philosophy  was  accepted 
as  a  guide  in  scientific  investigation,  but  one  department  of  science  had 
attained  a  development  which  has  an}-  considerable  claim  to  our  respect. 
Mathematics,  both  pure  and  applied,  had  been  assiduously  cultivated 
from  the  remotest  antiquity,  and  with  a  degree  of  success  which  has 
left  to  modern  in'S'estigators  little  more  than  the  elaboration  of  the 
thoughts  of  their  predecessors.  In  Metaphysics,  — which  had  claimed 
even  a  larger  share  of  the  attention  of  the  scholars  of  antiquity,  —  little 
progress  had  been  made.  Perhaps  I  am  justified  in  saying  little  prog- 
ress was  possible,  inasmuch  as  in  the  light  of  all  the  great  material 
discoveries  of  modern  times  the  metaphj'sicians  of  the  present  day  are 
debating,  with  as  little  harmony  of  opinion,  the  same  questions  that 
divided  the  rival  schools  of  the  Greeks.  Each  successive  generation 
has  had  its  two  parties  of  idealists  and  realists,  who  have  discussed  the 
intangible  problems  which  absorbed  the  great  minds  of  Plato  and  Aris- 
totle with  a  degree  of  entlxisiasm  and  energy  —  and  it  may  be  of 
acrimony  —  which  seems  hardly  compensated  by  any  expansion  of  the 
human  intellect  or  amelioration  of  the  condition  of  mankind. 

Of  the  lihysical  sciences  we  maj'  say  that,  except  Astronomy,  no  one 
liad  an  existence  prior  to  the  time  of  Bacon.  There  were  men  of  vast 
learning,  and  much  that  was  called  science  in  the  mass  of  reported 
observation  that  had  been  accumulating  from  century  to  century,  until 
it  had  become  *' ?•«(//«  ind'ujestaque  moles;"  hut  in  this  —  though  it 
constituted  the  pride  of  universities,  the  intellectual  capital  with  which 
the  savant  thought  himself  rich,  and  that  on  which  the  professional 
man  depended  for  success  —  there  was  far  more  error  than  truth,  and 
its  study  was  sure  to  mislead  and  likely  to  injure.  In  these  circum- 
stances the  task  before  the  scientific  reformer  was  one  more  difficult 
than  that  of  clearing  the  Augean  stables  ;  no  less,  in  fact,  than  to  seat 
himself  before  this  great  heap  of  rubbish,  this  mass  of  truth  and  error, 
—  of  the  sublimest  philosoph}'  with  the  wildest  fiction,  —  to  patiently 
winnow  out  the  grains  of  truth,  and  from  infinitesimal  facts  build  up  a 
fabric  that  should  have  a  sure  foundation  below,  and  beauty  and  sym- 
metry above.  What  more  natural,  then,  than  that  the  process  adopted 
in  winnowing  this  chaff-heap  should  be  that  which  had  given  success 
to  tlie  only  true  science  of  the  period  ?  —  that  the  mathematical  toucli- 
stone  should  be  the  test  by  which  every  grain  was  tried '/     And  sucli 
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precisely  'was  the  course  pursued  ;  perhaps  we  may  even  say  the  only 
one  practicable.  Provided  with  this  test,  the  reformer  was  compelled 
to  rejudge  upon  its  merits  ever}''  proposition  submitted  to  him,  and 
accei)ted  only  as  true  such  as  could  be  demonstrated.  The  materials 
which  comjwsed  the  science  to  be  reformed  noturally  fell  into  several 
categories.  First,  —  That  which  had  been  demonstrated  to  be  true. 
Second,  —  That  which  was  demonstrable.  Third,  —  That  which  was 
probable.  Fourth,  —  That  which  was  ^jo.s.siVx'e,  and  Fifth,  —  That 
which  was  impossible.  Of  these  he  systematically^  rejected  all  but  the 
first  and  second  classes.  And  this,  in  few  words,  has  been  the  method 
adopted,  not  only  in  the  purification  of  old  science,  but  in  the  creation 
of  new. 

It  will  be  seen  at  a  glance,  that  in  this  process,  all  that  was  con- 
trary to  the  order  of  nature  (supernatural  or  spiritual)  was  necessarily 
excluded;  and  it  was  taken  for  granted  that  the  mathematical  or  logi- 
cal faculty  of  the  human  mind  was  capable  of  solving  all  the  problems 
of  the  material  universe.  Sir  William  Hamilton  and  others  have 
demonstrated  the  inadequacy  of  mathematical  processes  as  a  guide  to 
human  reason,  and  a  moment's  thought  will  show  us  that  our  boasted 
intellect  is  incapable  of  grasping  even  all  the  material  truths  which  are 
plainlj'  presented  to  it.  To  illustrate  :  as  we  scan  the  heavens  of  a  clear 
evening,  we  recognize  the  fact  that  we  stand,  as  it  were,  on  a  point  in 
space,  where  our  field  of  vision  is  limitless;  the  heavenly  bodies  stretching 
away  into  the  realms  of  obscurit}'',  and  becoming  invisible  only  through 
the  imperfection  of  our  organs  of  vision.  Bringing  to  our  aid  the  most 
powerful  telescopes,  we  are  apparently  as  far  as  ever  from  reaching  the 
limits  of  the  universe  ;  and  wdien  we  endeavor  to  conceive  of  such  a 
limit,  the  reasoning  facultj^  finds  itself  incapable  of  grasping  either  of 
the  two  alternatives  offered  to  it,  one  or  the  other  of  which  must  be 
true.  The  universe  must  be  either  limited  or  limitless.  But  no  man 
can  conceive  of  a  universe  without  a  limit ;  and  if  it  be  regarded  as  ter- 
minated by  definite  boundaries,  the  imagination  strives  in  A-ain  to  fill 
the  void  which  reaches  beyond.  In  fact,  we  stand  here  face  to  face 
with  infinity,  and  recognize  the  fact  that  the  infinite  exists  without  the 
power  to  comprehend  it. 

The  same  is  true  of  time.  We  cannot  conceive  of  its  beginning  or 
its  end.  All  things  which  come  Within  the  scope  of  our  senses  are  lim- 
ited in  duration  and  circumscribed  in  space;  and  though  we  prate 
flippantly  of  the  infinite,  the  pretence  that  we  can  grasp  it  is  simply 
idle  talk. 


OF    THK    ASSOCIATIOX.  .  O 

Conducted  on  such  a  plan,  it  was  inevitable  that  scientific  investiga- 
tions should  Le  narrow  and  materialistic  in  their  tendency.  No  matter 
liow  strong  the  probability  in  favor  of  the  truth  of  a  certain  proposi- 
tion, ■ —  though  the  whole  fabric  of  society  were  based  upon  its  accept- 
ance, and  it  formed  the  foundation  of  civil  and  moral  laws  ;  even  though 
it  controlled  the  actions  of  the  philosopher  himself,  —  if  not  proved 
consistent  with  nature's  physical  and  material  laws  it  must  be  rejected- 
as  unworthy  to  enter  into  the  construction  of  the  edifice  he  was  erect- 
ing. In  his  great  task  of  undoing  the  work  of  blind,  unreasoning 
faith,  and  wild,  illogical  speculation,  all  the  fruit  of  such  faith  or 
speculation  must  be  looked  upon  as  matter  valueless  to  his  hand.  We 
may  even  go  further  and  say  that  w^re  it  true  that  the  Supreme  Intel- 
ligence had  created  the  material  universe,  and  by  special  providence 
modified  or  thwarted  the  general  laws  through  which  that  universe  was 
governed,  such  divine  supervision  and  such  miraculous  interposition 
must  necessarily  have  been  ignored. 

Let  it  not  be  inferred,  however,  that  each  and  all  of  the  great  men 
who  have  been  engaged  in  this  work  of  scientific  reformation  were 
necessarily  driven  to  be  impious  iconoclasts,  or  that,  in  their  efforts  to 
emancipate  themselves  from  time-honored,  errors,  they  necessarily  pros- 
tituted the  liberty  they  gained  to  selfish  or  sensual  purposes.  On  the 
contrary,  the  most  important  advances  which  the  human  intellect  has 
made  within  these  later  centuries  have  been  due  to  the  efforts  of  men 
of  the  purest  and  most  conscientious  character,  — men  whose  lives  were 
devoted  with  the  utmost  singleness  of  purpose  to  determine  what  is 
truth,  — men  who,  knowing  that  all  truth  must  be  consistent  with  all 
other  truth,  were  willing  to  go  whithersoever  it  should  lead.  If  it  shall 
prove  that  they  have  been  occupied  with  "  mint,  anise,  and  cumin," 
omitting  the  "  weightier  matters  of  the  law,"  it  is  also  true  that  in  no 
other  way  could  the  material  laws  of  the  universe  be  thoroughly  inves- 
tigated than  by  making  them  the  subjects  of  an  absorbed  and  undi- 
vided attention.  It  would  be  as  just  to  impugn  the  motives  and  de- 
cry the  merits  of  the  makef  of  our  almanacs,  because  his  mathematical 
calculations  were  not  interlarded  with  moral  maxims,  as  to  reproach 
the  student  of  natural  phenomena  because  he  did  his  work  so  well,  and 
left  to  others  tlie  co-ordination  of  the  results  of  his  efforts  with  the  ac- 
cepted dogmas  of  religious  faith. 

And  it  is  not  true,  in  any  sense,  that  these  devotees  of  science  have 
lived  in  vain  ;  for  to  them  we  mainly  owe  the  fact  that  man  is  not 
only  wiser  now  than  f'oi-mei'ly,  but  fh;it  he  is  betti-r  and  happier. 


b  APnKFSS    OK    THE    IMIKSIDKNT 

Injustice  to  tlie  man  of  sciciu-c  wo  must  claim  for  him  the  position 
of  co-laborer  with,  and  indispensable  ally  to,  the  philanthropists  and 
moralists ;  for  I'rom  no  source  have  they  drawn  richer  lessons,  stronger 
arguments,  or  more  elocpient  illustrations  than  from  his  discoveries. 

And  yet,  while  conceding  conscientiousness  and  purity  of  motive  to 
the  vast  majority  of  our  men  of  science,  and  acknowledging  the  contri- 
butions they  have  made,  and  are  making  to  liuman  happiness;  com- 
l)elled  by  my  sense  of  justice  to  defend  their  spirit,  approve  their  meth- 
ods, admire  their  devotion,  and  assert  their  usefulness,  I  cannot  deny 
that  the  tendency  of  modern  investigation  is  decidedly  materialistic. 
All  natural  phenomena  being  ascribed  to  material  and  tangible  causes, 
tlie  search  for  and  analysis  of  these  causes  have  begotten  a  restless 
activity  and  an  indomitable  energy  which  will  leave  no  stone  unturned 
for  the  attainment  of  their  object.  But  while  this  is  apparent,  and, 
indeed,  inevitable,  as  has  been  seen  from  the  sketch  of  the  growth  of 
modern  science,  I  am  far  from  sharing  the  alarm  which  it  excites  in 
the  minds  of  many  good  men.  Kor  would  I  encourage  or  excuse  tliat 
spirit  of  conservatism —  to  call  it  by  no  harsher  term  — which,  for  the 
safety  of  a  popular  creed,  would,  bj'^  any  and  all  means,  repress,  and,  if 
possible,  arrest  investigations  that  may,  it  is  feared,  become  revolution- 
ary and  dangerous. 

Such  opposition,  in  the  first  place,  must  be  fruitless.  All  histoiy  has 
proved  that  persecution  by  physical  coercion  or  obloquy  is  powerless  to 
arrest  the  progress  of  ideas,  or  quench  the  enthusiasm  of  the  devotees 
of  a  cause  approved  by  their  moral  sense.  The  problems  before  our  men 
of  science  vmst  be  solved  in  tlie  manner  proposed,  if  human  wisdom 
will  suffice  for  the  task.  In  every  dei^artment  of  science  are  men  actu- 
ated simply  by  a  thirst  for  truth,  whom  neither  heat  nor  cold,  ^jrivation 
nor  oi^position,  will  hold  back  from  their  self-appointed  tasks.  We 
may,  therefore,  accept  it  as  a  finality,  that  this  problem  wall  be  carried 
to  its  logical  conclusion. 

In  the  second  place,  if  possible,  the  arrest  of  scientific  investigation 
%yould  be  not  only  undesirable,  but  an  infinite  calamity  to  our  race. 
As  has  been  so  often  said,  truth  is  consistent  with  itself.  If,  therefore, 
our  faith  in  this  or  that  is  based  on  truth,  we  have  no  cause  for  fear 
that  this  truth  will  be  proved  untrue  by  other  truths.  And  more  than 
this :  it  seems  to  me  that,  in  the  reach  and  thoroughness  of  this  ma- 
terial investigation,  we  may  hope  for  such  demonstration  of  the  reality 
of  things  immaterial  as  shall  produce  a  deeper  and  more  universal /atY/i 
than  has  ever  yet  prevailed. 
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Tlirougli  this  very  spirit  of  scepticism  wliicli  pervades  the  modern  sci- 
ences we  are  compelled  to  exhaust  all  material  means  before  we  can 
have  recourse  to  the  supernatural.  When,  however,  that  is  done,  and 
men  have  tried  patiently  and  laboriously,  but  in  vain,  to  refer  all  nat- 
ural plienoniena  to  nuiterial  causes,  ihen,  having  proved  a  negative, 
they  will  be  cumpellcd  to  accept  the  existence  of  truth  not  reached  by 
their  touchstone,  and  faith  be  recognized  as  the  highest  and  best  knowl- 
edge. 

That  such  will  be  the  result  is  the  confident  expectation  of  many  of 
the  wisest  of  the  scientific  men  whose  influence  is  looked  upon  with 
such  alarm  by  those  who,  in  their  anxiety  for  their  faith,  demonstrate 
its  weakness. 

Already,  as  it  seems  to  me,  scientists  have  reached  the  wall  of  ada- 
mant —  the  inscrutable  —  that  surrounds  them  on  every  side,  and,  ere 
long,  w'e  may  expect  to  see  them  return  to  that  heap  of  chaff"  from 
which  the  germs  of  modern  science  were  winnowed,  with  the  conviction 
that  there  were  left  buried  there  other  germs  of  other  and  higher  truths 
than  those  they  gleaned,  —  truths  without  which  human  knowledge 
must  be  a  dwarfed  and  deformed  thing. 

A  few  illustrations  from  the  many  that  might  be  cited  will  suffice  to 
show  the  materialistic  tendency  of  modern  science.  In  "  Pure  Philoso- 
phy," —  as  the  students  of  Psychology  are  fond  of  styling  their  science, 
—  the  names  alone  of  Comte,  Buckle,  Herbert  Spencer,  Mill,  and 
Draper  will  suggest  the  more  prominent  characters  of  the  school  they 
may  be  said  to  represent.  The  most  conspicuous  feature  in  the  "Posi- 
tiv^e  Philosophy  "  of  Comte  is  the  effort  it  exhibits  to  co-ordinate  the 
laws  of  mind  with  those  of  matter.  Spencer  is  a  thorough-going  men- 
tal Darwinist,  who  considers  the  highest  attributes  of  the  human  mind, 
the  loftiest  aspirations  of  the  soul,  as  only  developed  instincts,  as  these 
were  but  developed  sensations.  Mill,  more  guarded,  more  fully  in- 
spired with  the  spirit  of  the  age,  —  which  believes  nothing,  and  is  a 
foe  to  speculation,  —  leaves  the  histori/  of  our  faculties  to  be  written,  if 
at  all,  by  others  ;  takes  them  as  they  are,  but  reasons  of  conscience  and 
free-will  with  an  independence  of  popular  belief  that  savors  more  of  the 
material  than  the  spiritual  school.  Buckle  wore  himself  out  in. a  vain 
chase  ufter  an  ir/nis  fatuns,  an  inherent,  inflexible  law  of  human  prog- 
ress, and  hence  of  human  history.  Draper  is  a  developmentist,  but  not 
a  Darwinian.  With  him  civilization  is  a  definite  stage  in  the  growth 
of  mind ;  a  degree  of  development  to  which  it  is   impelled  by  a   vis  a 
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tergo,  not.  unlike,  in  kind,  to  tliat  wliieli  evolves  from  the  germ,  the 
bud,  the  leaf,  the  flower,  and  the  fruit  in  plant-life,  —  a  development 
which,  when  unchecked  and  free,  will  be  regular  and  inevitable,  but 
which  is  so  modified  by  the  accidents  of  race,  climate,  soil,  geographical 
position,  etc.,  as  to  render  it  difficult  to  say  whether  the  rule  or  the  ex- 
cejjtion  has,  in  his  judgment,  greatest  potenc}'.  If  he  were  a  consist- 
ent Darwinist,  the  accidents  of  development  would  be  its  law. 

Among  the  students  of  "Social  Science,"'  —  a  new  and  imi)ortant 
member  of  the  sisterhoood  of  sciences,  —  as  in  most  of  the  other 
departments  of  modern  investigation,  two  groups  of  devotees  are 
found  ;  one  patiently  and  conscientiously  studying  the  problems  of 
social  organization,  inspired  with  the  true  spirit  of  the  iJaconian  Phi- 
losophy, ready  to  follow  whithersoever  the  facts  shall  lead,  and  having 
for  their  object  that  noblest  of  all  objects,  the  increase  of  human 
happiness.  The  other  class  of  investigators,  in  whom  the  bump  of 
destructiveness  is  largely  developed,  would  be  delighted  to  tear  down 
the  whole  fabric  of  society,  and  abrogate  all  laws,  both  human  and 
divine.  Looking  upon  man  as  literallj^  the  creature  of  circumstances, 
as  an  inert  atom  driven  about  by  material  forces,  conscience  and  re- 
sponsibility are  by  them  repudiated,  and  laws  and  penalties  regarded 
simply  as  relics  of  barbaric  despotism.  The  dreary  soul-killing  creed 
of  these  fatalists  is  fortunately  so  repugnant  to  the^'easou  and  feelings 
of  the  majorit}'  of  men,  that  there  is  little  danger  that  their  eftbrts 
will  reach  their  legitimate  conclusion  in  throwing  society  into  a  state 
of  anarchy  and  chaos. 

In  Theology  or  Biblical  Science,  the  tendency  of  modern  investiga- 
tion is  so  distinctly  felt,  that  I  need  only  refer  to  it.  The  spirit  of  in- 
dependent criticism,  so  noticeable  elsewhere,  is  still  more  conspicuous 
here ;  assuming  sometimes  the  form  of  derisive  scepticism,  but  oftener 
of  cold,  passionless  judgment  on  the  reported  facts  of  sacred  history, 
or  the  psychological  phenomena  of  religious  faith,  studied  simply  as 
scientific  problems. 

The  names  of  Strauss,  Eenan,  and  Colenso  wall  suggest  the  results 
to  which  men,  possibly  honest,  are  led  by  this  so-styled  "enlightened 
and  emancipated  spirit  of  inquirj^ ; "  while  "  Ecce  Homo "  and  cog- 
nate productions  may  be  considered  as  the  fruit  of  this  spirit,  tem- 
pered by  a  very  liberal  but  apparently  sincere  faith. 

Aside  from  these  more  marked  examples  of  the  decided  "  set "  in 
the  tide  of  modern    religious  opinions,  we  everywhere  see    evidences 
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that  no  part  of  the  religious  world  is  nnnioved  by  it.  In  every  sect 
and  section  an  impulse  is  felt  to  substitute  for  abstract  faith,  the 
"  faith  without  works,"  —  rather  a  characteristic  of  the  religion  of  our 
fathers,  and  not  unknown  at  present,  —  that  other  faith  which  is  evi- 
denced by  works.  In  other  words  :  in  our  day  more  and  more  value 
is  being  attached  to  this  life,  as  a  sphere  for  religious  effort  and  expe- 
rience. With  wliat  propriety,  I  leave  to  tlie  individual  judgment  of 
my  auditors ;  the  faith  of  every  sect  and  man  is  coming  to  be  respected 
and  valued  precisely  in  the  ratio  of  the  purity,  unselfishness,  and  ac- 
tive sympathy'  in  the  life  produced  by  it. 

While,  therefore,  we  have  less  now  than  formerly  of  the  self- 
centred  and  fruitless  piety  of  the  old  deacon,  who  excused  his  avarice 
by  proclaiming  that  "  business  was  one  thing  and  religion  another, 
and  he  never  allowed  them  to  interfere,"  in  place  of  that  we  have 
many  an  Abou  Ben  Adliem,  and  all  the  splendid  exhibitions  of  mod- 
ern philanthropy. 

Though  the  golden  mean  displayed  in  the  life  and  words  of  Christ 
is  far  better  than  either  extreme,  I  cannot  but  think  the  present  re- 
ligious condition  of  the  world  is  better  than  any  which  has  preceded  it. 

In  Ethnology,  —  the  pre-historic  history  of  the  human  race,  —  the 
researches  of  a  large  number  of  investigators  who  are  devoted  to  its 
study  have  made  interesting  and  important  additions  to  our  knowl- 
edge ;  but  it  cannot  be  denied  that  the  result  of  such  investigation 
has  been  to  create  general  distrust  of  our  previously  accepted  chro- 
nology, and  give  an  antiquity  to  man  such  as  the  scholars  of  a 
previous  generation  would  have  looked  upon  as  not  only  unwarranted 
but  impious.  It  should  be  said,  however,  that  our  preconceived 
opinions  of  the  antiquity  of  the  human  race  —  like  those  of  the  age 
of  the  earth  itself  —  were  based  upon  no  solid  foundation  in  nature, 
history,  or  revelation  ;  and  that  our  system  of  chronology  was  a  mat- 
ter of  convention,  about  which  there  has  been  a  wide  latitude  of 
opinion  among  the  scholars  of  all  ages. 

In  regard  to  the  origin  of  man,  —  whether  by  special  creation  or  by 
development,  —  we  may  confidently  assert  that  modern  investigation 
has  give;!  us  no  new  light.  Among  those  who  have  accepted  the 
theory  of  a  special  creation,  and  have  differed  only  in  regard  to  the 
number  of  species  and  their  places  of  origin  or  centres  of  creation, 
there  has  been  such  a  diversity  of  opinion  that  all  confidence  in  the 
reality   and    value    of  the    bases    of   their    reasoning    has    been    lost. 

VOL.    ivi.  2 
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Among  the  advocates  of  a  multiplicity  of  species  and  diversity  of 
origin  we  liave  from  Blumenbach  to  Agassiz  almost  every  number 
between  fifteen  and  three  as  tliat  of  distinct  species  of  the  human 
race,  scarcely  any  two  writers  advocating  the  same  number.  We 
may,  therefore,  very  fairly  infer  that  the  facts  upon  which  their 
conclusions  are  founded  are  not  of  a  very  clear  and  unmistakable 
character. 

The  subject  of  the  origin  of  the  human  race  brings  us  into  the 
domain  of  zoology,  and  opens  the  wide  question  of  the  origin  of 
species,  which,  of  late  years,  has  been  shaking  the  moral  and  intel- 
lectual world  as  by  an  earthquake.  While  the  various  writers  upon 
the  origin  of  the  human  race  were  gathering  with  so  much  industry, 
and  reporting  with  so  much  eloquence  the  proofs  of  a  diversity  of 
origin,  the  Darwinian  hypothesis  comes  in  and  refers,  not  only  all 
the  human  family,  but  all  classes  of  animals  and  plants,  to  an  initial 
point  in  a  nucleated  cell. 

It  would  be  impossible  for  any  one  to  discuss  in  a  fair  and  intelli- 
gent manner  the  great  question  of  the  origin  of  species,  in  anything 
less  than  a  bulky  volume.  The  merest  mention  is,  therefore,  all  we 
can  give  to  it  at  the  present  time.  Although  the  appearance  of  Dar- 
win's book  on  the  Origin  of  Species  communicated  a  distinct  shock 
to  the  prevalent  creeds,  both  religious  and  scientific,  the  hypothesis 
which  it  suggests,  though  now  for  the  first  time  distinctly  formula- 
rized,  was  by  no  means  new ;  as  it  enters  largely  into  the  less  clearly 
stated  development  theories  of  Oken,  Lamarck,  De  Maillet,  and  the 
author  of  the  "Vestiges  of  Creation."  There  was  this  difference, 
however,  that  in  the  developmental  theories  of  the  older  writers  the 
element  of  evolution  had  a  place ;  the  process  of  development  had 
its  main-spring  in  an  inherent  growth,  or  tendency,  such  as  produces 
the  evolution  of  the  successive  parts  in  plant-life,  while,  according  to 
Darwin,  the  beautiful  symmetry  and  adaptation  which  we  see  in 
nature  is  simply  the  form  assumed  by  plastic  matter  in  the  mould  of 
external  circumstances. 

Although  this  Darwinian  hypothesis  is  looked  upon  by  many  as 
striking  at  the  root  of  all  vital  faith,  and  is  the  hete  noire  of  all  those 
who  deplore  and  condemn  the  materialistic  tendency  of  modern  sci- 
ence, still  the  purity  of  life  of  the  author  of  the  "  Origin  of  Species," 
his  enthusiastic  devotion  to  the  study  of  truth,  the  industry  and 
acumen  which   have   marked  his  researches,  the  candor  and  caution 
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with  wliicli  liis  suggestions  have  been  made,  all  combine  to  render  the 
obloquy  and  scorn  with  which  they  have  been  received  in  many  quar- 
ters peculiarly  unjust  and  in  bad  taste.  It  should  also  be  said  of  Mr. 
Darwin  that  his  views  on  the  origin  of  Species  are  not  inconsistent 
with  his  own  acceptance  of  the  doctrine  of  Kevelation ;  and  that 
many  of  our  best  men  of  science  look  upon  his  theory  as  not  in- 
compatible with  the  religious  faith  which  is  the  guide  of  their  lives, 
and  their  hope  for  the  future.  To  these  men  it  seems  presumption 
that  any  mere  man  should  restrict  the  Deity  in  His  manner  of 
vitalizing  and  beautifying  the  earth.  To  them  it  is  a  proof  of 
higher  wisdom  and  greater  power  in  the  Creator  that  He  should 
endoAV  the  vital  principle  with  such  potency  tliat,  pervaded  by  it, 
all  the  economy  of  nature,  in  both  the  animal  and  vegetable  worlds, 
should  be  so  nicely  self-adjusting  that,  like  a  perfect  machine  from  the 
hands  of  a  master  maker,  it  requires  no  constant  tinkering  to  preserve 
the  constancy  and  regularity  of  its  movements. 

This  much  I  have  said  in  view  of  the  possible  acceptance  of  the 
Darwinian  theory  by  the  scientific  world.  I  should  have  stated  in 
limiyie,  however,  that  the  Darwinian  hypothesis  is  not,  and  can  never 
be  fully  accepted  by  the  student  of  science  who  is  inspired  with  the 
spiiit  of  the  age.  From  the  nature  of  things  it  can  be  proved  only 
to  a  certain  point,  and  while  we  accept  that  which  is,  or  can  be, 
proven, — and  for  it  sincerely  thank  Mr.  Darwin, —  that  which  is 
hj-pothesis,  or  based  only  upon  probabilities,  we  reject,  as  belonging 
in  the  category  of  mere  theories,  to  disprove  or  purify  which  the 
modern  scientific  reform  was  inaugurated.  Much,  too,  may  be  said 
against  the  sufiiciency  of  "  natural  selection  in  the  struggle  of  life," 
from  observations  made  upon  the  phenomena  of  the  economy  of 
nature.  Necessarily,  the  action  of  the  Darwinian  principle  must  be 
limited  to  the  individual,  be  literally  and  purely  selfish ;  and  if  it 
can  be  proved  that  a  broader  influence  pervades  the  created  w^orld, 
that  something  akin  to  benevolence  enters  into  the  organization  of 
the  individual,  —  something  which  benefits  others  and  not  himself, 
—  one  single  fact  establishing  this  truth  would  hurl  the  entire  Dar- 
winian fabric  to  the  ground,  or  rather  restrict  it  to  its  proper  bearing 
upon  the  limits  of  variation,  and  the  mooted  question  of  "  what  is  a 
species  ?  " 

One  of  the  most  potent  influences  in  tlie  perpetuation  of  species  is 
fecundity  in  the  individual,  whereas  we  see  in  social  insects  the  econ- 
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oiiiy  of  the  community  is  best  served  by  a  total  loss  of  this  power  in 
the  great  majority  of  the  individuals  whicli  compose  it.  This  objection 
vill  perhaps  be  met  by  the- Darwinians  with  the  assertion  that  the 
community,  in  fact,  constitutes  an  individual ;  but  I  must  confess  that 
1  find  it  difficult  to  comprehend  how' the  sterility  of  tlie  workers  in 
ants  and  bees  was  ever  introduced  through  tlie  medium  of  modified 
descent,  the  Darwinian  method,  or  how  it  is  kept  np  from  generation 
to  generation  among  those  individuals  which  have  no  posterity  to  in- 
herit their  peculiarities  of  structure. 

The  Honey  Ants  of  Mexico  ofler  additional  difficulties.  Among 
them  a  portion  of  the  community  secrete  honey  in  the  abdominal 
cavity  until  they  resemble  small  grapes,  and  these  individuals,  during 
the  winter,  are  despatched  in  succession  to  furnish  food  for  the  other 
members  of  the  colony.  How,  by  modified  descent,  is  this  honey- 
making  faculty  transmitted,  when  tli^se  who  possess  it  are  systemati- 
cally destroyed  ? 

A  still  harder  nut  for  the  Darwinians  to  crack  is  furnished  in  a 
fact  stated  b}'  Dr.  Stimpson,  that  among  the  Crustacea,  which  do  not 
li^'e  in  communities,  a  very  large  proportion  of  the  individuals  of  a 
numerically  powerful  species  pass  their  lives  as  neuters  or  undevel- 
oped females. 

Another  element  in  nature's  economy,  which  at  first  sight  suggests 
an  objection  to  the  Darwinian  theory,  is  that  of  beauty,  which  affects 
others  far  more  than  the  possessor.  This  is  considered  by  the  Dar- 
winians simply  as  an  attraction  to  the  opposite  sex,  but  as  a  fact  we 
find  that  in  the  larval  condition  of  some  insects  —  a  condition  in 
which  no  propagation  is  effected  —  varieties  of  form  and  combinations 
of  color  exist  which  appeal  to  our  sense  of  beauty  scarcely  less  forcibly 
than  in  the  perfect  insects. 

Again,  the  origin  of  life  is  left  completely  uutouclied  by  the  Dar- 
winian hypothesis,  and  so  long  as  the  vital  principle  resists,  as  it  has 
done,  all  the  eftbrts  of  theorists  and  experimenters  to  bring  it  within 
the  category  of  material  forces,  so  long  we  must  regard  the  world  of 
life  as  including  elements  not  amenable  to  the  laws  which  control 
simple  inert  matter. 

Upon  this  question  of  the  origin  of  life  so  much  is  being  done  and 
said  that  you  will  expect  a  word  of  reference  to  it  at  my  hands,  yet 
little  more  can  be  reported  as  the  result  of  modern  research  than  that 
the  origin  of  life  is  as  great  a  mystery  as  ever.     You  will  all  remem- 
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ber  how,  a  few  years  since,  we  were  startled  by  the  announcement 
of  til e  discovery  of  the  generation  of  the  '^  Acancs  Crossii;"  and, 
wliile  our  original  distrust  of  the  accuracy  of  the  observations  of  Mr. 
Crosse  was  strengthened  by  the  failure  of  subsequent  exjjerimenters 
to  reproduce  his  results,  our  unbelief  is  further  confirmed  by  the 
unanimity  of  all  the  more  modern  and  intelligent  devotees  of  spon- 
taneous generation  in  the  assertion  tliat  life  can  onl}'  origiiuite  in  its 
simplest  form,  that  of  a  unicellular  organism.  There  is  no  Darwinist 
wlio  will  concede  the  possibility  of  an  animal  as  highly  ortranized  as 
an  Acanis,  with  bodj',  head,  limbs,  digestion,  and  senses,  all  more  or 
less  complete,  being  the  product  of  spontaneous  generation  and  not 
the  result  of  slow  and  gradual  development. 

Still  farther;  it  is  known  that  the  animal  kingdom  rests  upon  the 
vegetable  as  a  base.  Animals  being  incapable  of  assimilating  inor- 
ganic matter  could  not  exist  without  plants.  Plants  must  therefore 
have  preceded  animals,  and  the  fruit  of  spontaneous  generation  must 
be  a  protophyte  and  not  a  protozoan. 

Yet,  notwithstanding  its  difficulties,  there  are  to-day  men,  respecta- 
ble by  their  irambers  and  attainments,  who  are  believers  in  spontane- 
ous generation ;  but  it  is  with  this  proviso,  —  which  leaves  the  mys- 
tery as  great  as  ever,  —  that  only  from  orf/aiiie  matter  can  organisms 
be  produced.  So  that  to  the  original  and  primary  ajipearance  of  life 
upon   the  earth,  modern  science  has  given  us  not  the  slightest  clew. 

As  I  have  said,  the  materialists  have  so  far  utterly  failed  to.  co- 
ordinate the  vital  force  with  those  which  we  designate  as  material. 
The  beautiful  and  important  discoveries  which  have  followed  re- 
searches into  the  correlation  and  conservation  of  forces  by  pointing 
to  a  unity  of  all  the  forces  in  the  material  world  have  naturally 
prompted  efforts  to  centralize,  with  electricity,  magnetism,  and  chem- 
ical affinity,  tliat  which  we  know  as  vital  force.  But  a  moment's  re- 
flection will  show  us  liow  far  removed  is  this  vital  force  from  all 
others  with  which  it  has  been  compared. 

The  nicest  manipulations  of  chemical  science  will  probably  fail  to 
detect  a  difference  in  composition  between  the  microscopic  germs  of 
two  cryptogamous  plants.  Each  consists  of  the  same  elements,  — 
<-arbon,  nitrogen,  hydrogen,  and  oxygen,  in  nearly  or  quite  the  same 
proportions.  Br)th  may  be  planted  in  a  soil  which  laborious  mixture 
has  rendered  homogeneous,  and  subsequently  supplied  with  the  same 
pabulum,  and  yet,  in  virtue  of  some  inscrutable,    inherent  principle, 
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one  develops  an  humble  moss,  and  the  other  rises  into  the  beautj, 
symmetry,  and  even  grandeur  of  a  tree  fern.  The  same  lesson  is 
taught  by  the  spermatozoa  of  the  mouse  and  the  elephant.  Indeed, 
all  the  phenomena  which  attend  the  reproduction  of  species  are 
totally  at  variance  and  incompatible  with  those  which  mark  the  action 
of  matei'ial  laws.  Why,  in  physical  circumstances  differing  toto  cmlo, 
does  the  germ  produce  a  plant  or  animal  so  closely  copying  the 
parent  ?  and  whence  this  tenacity  of  purpose  in  the  germ  which  re- 
•produces,  through  a  long  line  of  posterity,  the  trivial  characteristics  of 
a  remote  ancestor  ?  Even  within  our  limited  observation,  we  have 
been  struck  by  the  reappearance  in  the  grandchild  of  the  voice,  the 
gesture,  the  stature,  the  features,  or  some  other  marked  peculiarity  of 
his  grandsire.  Whence  comes  the  force  of  the  axiom  that  "  blood  will 
tell"?  —  and  how  incomprehensible  that,  by  the  action  of  only  mate- 
rial laws,  mental  force,  or,  it  may  be,  moral  infirmity,  is  transmitted 
from  generation  to  generation,  in  spite  of  the  system  of  infinitesimal 
dilution  through  which  it  passes! 

And  now,  even  with  this  hurried  and  sadly  imperfect  exposition  of 
the  tendency  of  modern  science,  the  time  at  our  comlfeand  has  been 
consumed.  Before  leaving  the  subject,  however,  I  crave  your  indul- 
gence for  a  word  to  those  who,  wholly  absorbed  in  the  stud}^  of  the 
laws  which  regulate  the  material  universe,  are  so  deeply  impressed 
-with  their  universality  and  potency  that  they  forget  that  law  is  but 
another  name  for  an  order  of  sequence,  and  has  in  itself  no  force. 
These  are  they  who,  in  their  pride  in  .the  achievements  of  the  human 
intellect,  fail  to  realize  that  the  universe  furnishes  conclusive  proof  that 
all  our  philosophy,  all  our  logic,  all  our  observation,  are  utterly  inade- 
quate to  solve  the  problems  that  are  presented  to  us,  —  inadequate  not 
simply  from  the  limited  nature  of  our  powers  of  observation,  but  be- 
cause the  human  mind,  though  forced  to  confess  the  existence  of  the 
infinite,  is  utterly  unable  to  grasp  it ;  and  that  while  the  logic  of  rea- 
son and  the  logic  of  numbers  suffice  for  a  qualified  understanding  of 
the  manner  in  which  material  forces  work,  of  the  origin  and  nature  of 
these  forces  we  are  and  must  ever  remain  ignorant,  unless  gifted  with 
higher  powers  than  we  now  possess.  As  has  been  stated,  seen  from 
the  stand-point  of  our  modern  materialists,  and  judged  by  the  criteria 
which  they  have  adopted,  spiritual  existence  and  supernatural  phe- 
nomena, even  if  as  all-pervading  as  the  most  devout  religionist  believes, 
must,  from  a  2n-iori  considerations,  be  utterly  ignored.     Of  those  who 
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are  thus  led  by  their  regard  for  the  dignity  of  material  laws  to  reject 
the  idea  of  a  creative  and  overruling  Deity,  I  would  ask,  Is  not  man 
himself  a  disturbing  element  in  your  universe  ?  Whatever  may  be 
said  in  regard  to  man's  free- agency,  and  however  confidently  it  may  be 
asserted  that  his  will  is  but  the  resultant  of  the  various  motives  that 
operate  as  distinct  forces  upon  it,  consciousness  lies  at  the  basis  of  all 
reasoning  ;  and  the  conduct  of  every  man  proves  that  he  accepts  this 
axiom.  As  he  issues  from  his  door,  he  is  conscious,  beyond  all  argu- 
ment, that  it  is  in  his  power  to  turn  to  the  right  or  to  the  left ;  and 
while  he  holds  himself  responsible  for  his  volition,  he  cannot  blame  us 
if  we  ascribe  to  him  free-agency.  Man  is,  therefore,  an  independent 
power  in  the  universe.  He  wills  and  creates.  The  locomotive  is  as 
truly  his  creation  as  himself,  fashioned  from  the  dust  of  the  earth  and 
vitalized  by  the  breath  of  the  Almighty,  is  the  work  of  His  hands.  If, 
therefore,  all  the  realm  of  nature  is  controlled  through  material  laws, 
by  forces  that,  like  attraction,  electricity,  chemical  affinity,  etc.,  act  in 
an  invariable  and  inflexible  way,  in  this  universe  man  is  a  stupendous 
anomaly  ;  and  unless  he  can  be  degraded  from  his  position  of  j)re-emi- 
nence  in  this  material  world,  the  boldest  and  most  irreverent  of  modern 
philosophers  will  strive  in  vain  to  dethrone  the  Great  Creator  from  the 
rule  of  the  universe,  or  from  His  place  in  the  hearts  and  minds  o£  men. 


In  consequence  of  the  absence  of  President  F.  A.  P.  Barnard  in  Europe,  an  arrangement 
■was  made  according  to  which  Professor  Newberry  delivered  the  address  at  Burlington,  and 
President  Barnard  is  expected  to  give  his  own  at  the  next  meeting  in  Chicago,  Illinois. 
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PROCEEDINGS 

OF  THE 

BURLINGTON    MEETING,    1867. 


cro]>j:M:xJ]ViCA.Tioivs, 


A.    MATHEMATICS,    PHYSICS,    AND    CHEMISTRY. 
I.   MATHEMATICS   AND  ASTRONOMY. 

1.  Communication   of   Vibrations.      By   Benjamin    Pierce^  of 

Cambridge,  Mass. 

Cabstract.) 

About  a  year  ago,  my  attention  was  drawn  by  Mr.  Henry  Water- 
man, of  Hudson,  New  York,  to  a  curious  case  of  interchange  of  vibra- 
tion between  two  pendulums.  Tlie  pendulums  were  of  equal  weights 
and  lengths,  and  hung  from  different  }X)ints  of  a  horizontal  thread, 
which  was  perpendicular  to  their  planes  of  vibration.  A  similar  class 
of  phenomena  was  studied  experimentally  about  the  beginning  of  the 
century  by,  the  celebrated  savans,  but  it  has  never  been  investigated 
mathematically. 

I  have  undertaken  to  consider  the  general  case  of  the  communication 
of  vibrations  between  any  number  of  vibrating  bodies.  I  have  reached 
the  seemingly  paradoxical  result,  that  in  a  mathematical  sense  there  is 
no  such  phenomenon.  The  mathematical  formulas,  rigidly  interpreted, 
give  us  as  many  different  states  of  possible  vibration  to  each  system  as 
it  contains  different  vibrating  bodies.  Each  of  these  states  might  exist 
by  itself,  and,  unless  it  were  for  the  resistances  of  friction  and  so  forth, 
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would  be  permanently  invariable,  without  any  ai:)pearanc-e  which  would 
suggest  a  communication  of  vibrations.  The  times  of  vibration  of  the 
different  states  would  be  different.  Every  possible  state  ofvibratioit  of 
the  system  can  be  decomposed  into  these  elementary  states,  and  shown 
to  be  an  aggregate  of  them.  As  there  is  no  communication  of  vibra- 
tion in  either  of  the  elementary  states,  there  is  none  in  the  aggregate. 
TJie  a/:»/>are/i^  communication  is,  in  reality,  a  phenomenon  of  interference 
of  coexisting  states  of  vibration  which  have  different  periods  of  vibration. 
Thus  in  the  case  of  Mr.  AVaterman's  two  pendulums,  one  state  of 
vibration  is  that  in  which  the  two  pendulums  are  in  the  same  phase  of 
vibration,  so  that  they  vibrate  as  one  pendulum,  a  little  longer  than 
either  of  them,  as  is  evident  from  the  mode  of  suspension.  The  other 
state  of  vibration  is  that  in  which  the  two  pendulums  are  in  opposite 
phases,  and,  in  this  case,  the  time  of  vibration  is  a  little  less  than  that 
which  belongs  to  either  pendulum.  When  these  two  states  are  com- 
bined with  equal  amplitudes  of  vibration,  each  pendulum  will  come  to 
rest  at  certain  intervals,  and  alternates  in  such  order  and  magnitude  of 
succession  as  to  satisfy  the  law  of  the  preservation  of  power. 

The  same  phenomenon  would  happen  if  the  two  pendulums  had  been 
restrained  by  the  mutual  connection  of  a  spring,  so  that  they  could 
not  recede  very  perceptibly  from  the  same  apparent  phase  of  vibration. 
But  in  this  case,  the  state  of  opposite  vibration  would  be  replaced  by 
that  in  which  the  spring  would  be  constantly  subject  to  compression 
and  the  reverse.  A  clock,  constructed  with  two  such  pendulums, 
would  be  subject  to  two  different  states,  and  would  be  liable  to  pass 
from  one  to  the  other,  under  circumstances  which  the  observer  could 
not  regulate.  I  believe  that  this  is  the  cause  of  the  capricious  change 
of  late  in  the  clock  of  the  Cambridge  Observatory.  Were  a  clock  to 
be  constructed  with  three,  four,  five,  six,  or  more  pendulums,  the  neces- 
sary effect  of  such  construction  would  be  to  introduce  a  corresponding 
number  of  different  rates  which  would  embarrass  observation,  and  not 
to  give  one  mean  uniform  rate,  which  would  be  the  average  of  the 
rates  of  all  the  pendulums. 

Were  two  clocks  attached  to  the  same  pier,  they  would  necessarily 
aff"ect  each  other's  rates  in  the  same  way,  so  that  it  is  quite  important 
in  an  astronomical  observatory,  to  place  the  clocks  in  such  isolated 
positions  that  there  shall  be  no  mutual  influence  between  them. 
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2.  Ox  THE  Detkumixatiox  of  Geoguaphical  Latucude  from 
Observations  in  the  Prime  Vertical.  By  William  A. 
Rogers,  of  Alfred,  IST.  Y.  * 

(abstract.) 

That  process  of  detennining  flie  goograpliical  latitude  of  a  place 
is  the  most  advantageous  which  most>  completely  eliminates  instru- 
mental errors  and  at  the  same  time  offers  the  gi-eatest  facilities  for 
observation.  It  is.  my  design,  in  this  paper,  to  show  that  the  method 
originally  given  by  Bessel,  and  modified  by  Chauvenet,  of  deducing 
the  latitude  from  equations  of  condition  formed  from  single  transits 
over  the  prime  vertical,  is  especially  adapted,  either  to  the  most  exact 
determination  in  fixed  observatories,  or  for  use  in  topographical  sur- 
veys, where  only  transient  stations  are  established. 

The  following  is  the  order  of  discussion  observed  :  — 

I.  Discussion  of  star  places,  from  the  following  authorities ;  viz., 
Bradley,  1755;  Lalande,  1800;  Piazzi,  1800;  Groombridge,  1810; 
Be.ssel,  1825;  Argelander,  1830;  Struve,  1830;  Pond,  1830;  Airy, 
1840;  llobinson,  1810;  Henderson,  1840;  Airy,  1845;  Radcliffe, 
1845  ;    Madras,  1850  ;    Airy,  1850  ;    and  Airy,  18G0. 

IT.  Description  of  instruments. 

III.  Order  of  observation  for  1866. 

IV.  Formation  and  solution  of  conditional  equations  for  1806. 

V.  Discussion  of  results  for  1866. 

VI.  Order  of  observation  for  1867. 

VII.  Formation  and  solution  of  conditional  equations  for  1867. 

VIII.  Discussion  of  results  for  1867. 

IX.  Investigation  of  errors. 

X.  Discussion  of  the  thesis  that  '"The  latitude  may  l)e  mure  nearly 
determined  from  Fundamental  Stars,  passing  the  meridian  at  widely 
different  distances  from  the  zenith,  tlian  from  stars  passing  the  merid- 
ian near  the  zenith,  taking  into  account  the  present  uncertainty  in- 
volved in  tlie  declinations  of  zenitli  stars.'' 

Xf.  .Some  remarks  on  the  availalfility  of  this  method,  as  compared 
with  the  Zenith  Telesco])e  Method,  in  topognvi»hical  surveys. 

In  1866,  no  star  has  been  used  whose  declination  is  more  than  3° 
less  than  the  latitude. 
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RESULTS    FOR    1866. 


Date. 

• 

qi  is  assumed  =  42°  15' 

Position  of           "\Veight=No. 
instrument.       of  observations. 

19".2. 
Jq) 

mean  //gi, 
with  weights 

June  13, 

Circle  South. 

4 

-j-l".10 

14, 

Circle  North. 

4 

-1-1  .08 

4-l".09 

July  14, 
15, 

July  24, 
25, 

C.  S. 
C.N. 

c.  s. 

C.N. 

1 

4 
6 

13 

—0  .27 
^-1  .54 

+     -74 

-f     .35 

July  28, 
29, 

c.  s. 

C.  N. 

6 

-f-r  .17 

July  30, 
31, 

c.  s. 

C.N. 

12 

-f-     .87 

Aug.    1, 
7, 

c.  s. 

C.N. 

7 
8 

+     .07 

—     .65 

—     .15 

Mean  -[-     .54" 

g};=42°15'19".74. 

For  1867  q  is  assumed  =  42*^  15'  19".80,  and  the  same  stars  were 
used  as  for  1866,  together  with  Fundamental  Stars  taken  from  tlie 
American  Ephemeris,  varying  in  declination  between  16*^  and  32^. 

RESULTS    FOR    1867. 


Date. 

Position  of 

"VVeight=No, 

Jqi 

Mean  /jlq, 
with  weights 

instrument. 

of  observations 

April  1';. 

C.  S. 

12 

—  "m 

C.N. 

9 

+     .44 

+  ".18 

AprU  28 

c.  s. 

5 

4-     .66 

C.N. 

5 

—     .27 

4-   .20 

April  28. 

C.N. 

6 

—    ,06 

—  .00 

Jime  4, 

C.  S. 

6 

-\-     .50 

C.N. 

6' 

—     .80 

—     .15 

June  5,  \ 

C.N. 

10 

—     .06 

June  6,  5 

C.  S. 

7 

—     .25 

—     .11 

June  1.3, 

c.  s. 

8 

—    .92 

C.N. 

6 

+     -83  . 

—     .16 

Mean 

/J9. 

t/ 

01 

I  q  =  42*^  15' 

19".79. 
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Combining  t]^  results  for  ISGG  and  ISGT  by  weiglits,  there  results  : 
(P  =  A2''  15' 19".78  ±".08. 

In  order  to  find  the  eft'ect  of  an  error  in  observing  the  time  of  pas- 
sage over  the  prime  vertical  upon  qp.  for  stars  of  dift'erent  declinations, 
I  have  selected  eight  Zenith  Stars  whose  mean  declination  is  40'^,  and 
eight  Fundamental  Stars  whose  mean  declination  is  25"  and  which  for 
distinction  are  designated  Equatorial  Stars.  The  corresponding  hour- 
angle,  0^,  is,  for  Zenith  Stars  23*,  and  for  Equatorial  Stars  59'^. 

The  probable  error  in  {f^,  designated  cZi>,  was  found  by  comparing 
the  observed  with  the  computed  intervals  between  the  several  threads, 
and  from  the  values  of  d\}  thus  found  the  effect  iipon  dqi  was  com- 
puted by  the  following  formula  :  — 

dq!=  ±d  d^  sin  2qi  tang.  &. 


RESULTS. 

Zeniti 

Stars. 

Equatorial  Stars. 

star. 

Xo.  iut'v' 
(5    com]);irec 

s 

da 

dcf 

No.  int'v's 
Star.             (5    coiuijared. 

da 

dq) 

o      1 

// 

tl 

II 

o     t 

s 

II 

d  Herciilis 

33  46 

35 

± 

.038-1- 

0.26 

■y  Gcminorum  16  30 

21   ± 

027 

±058 

12  Canuni 

39  2 

28 

.043 

.16 

a  Bootis            19  52 

21 

.032 

.25 

b  Ilerculis 

39  11 

35 

.064 

.19 

(5  Geminoium  22  13 

21 

.030 

.45 

b  Canum 

39  45 

35 

.074 

.24 

|U  Geminonnn  22  35 

21 

.032 

.46 

11  n  Herculi 

s40  51 

28 

.083 

.20 

n,  Geminonnn  27  06 

14 

.028 

.32 

bj  Bootis 

41  17 

28 

.103 

.20 

a  Corona?  Bor.  27  40 

14 

.031 

.34 

b2  Bootis 

4121 

42 

.167 

.32 

/3  Geminonnn  28  21 

21 

.040 

.40 

I'J  Canum 

41  33 

28 

.120 
Mean  -[- 

.20 
.22" 

a  Geminorum  32  11 

28 

.045 
Mean 

.34 

±■43 

The  following  table  .shows  the  probable  error  of  d(f  from  all  sources 
Zkxitii  Stars.  Equatorial  Stars. 


dqi 

From  en-or  in  observation,  ±  .22 

"       "    (1T=  -I-    .7.V',-t-  .16 

"       "       a  =  ±1..5",   -j-  .32 
"       "       ,5  j=z  ±1.2",    ±1.21 

'■       "        reading  level,  ±  .47 

one  div.  level, -(-  .15xno.div, 

-Meunj-  .421" 


dcp 

From  error  in  observation,  -j-  .43 
"  "  dT  =  £  .75",  ±  .62 
'^     "     a  =    -|_  4",  ±    .33 

"     "     r)  =    i  4",  ±    .52 

"     "     reading  level,        -[-    .57 
"     "     one  div.  level,     ±.15xno.div. 

Mean  -j-  .420 


22  A.     .MATllK.MATICS,    rUVSlCS,    AM)    (.  U  ];.Al  l.STKY. 

It  is  tliovefore  obvious,  that,  in  tliese  particular  (^servations,  the 
total  probability  of  error  as  effecting  cp  is  A'ery  nearly  the  same  for 
the  two  cases.  Of  course  with  other  stars  and  with  other  observers, 
these  values  would  var}^  somewhat,  yet  the  general  result  would  not,  I 
think,  be  affected.  If  now  we  take  into  account  the  great  labor  in- 
volved in  the  reduction  of  Zenith  Stars,  and  the  uncertainty  in  the 
element  of  })roper  motion,  together  with  the  fact  that  the  use  of  Funda- 
mental Stars  greatly  facilitates  the  increase  of  the  number  of  observa- 
tions, it  is  not  doubtful,  I  think,  where  the  advantage  rests. 

It  is  my  oicn  experience  that  eigJtt  ov  ten  carefully  observed  transits 
over  the  2'>'>'inie  vertical,  one  half  east  and  one  half  west  of  the  me- 
ridian, and  with  the  instrument  in  reversed  positions,  occupying  from 
one  to  three  hours  in  observation  and  from  one  to  two  hours  in  reduc- 
tion, icill  aive  the  latitude  within  "A. 


3.    Kemakks     oif   Peksoxal     Equation     in    Transit   Obsekva- 
TiONS.     By  G.  ^Y.  Hough,  of  Albany-,  ISTew  York. 

(abstract). 

The  '^  personality "  of  the  eye,  in  recording  transits  by  the  mag- 
netic method,  was  only  considered.  The  total  amount  of  "  personal- 
ity "  may  be  separated  into  two  distinct  portions  ;  viz.,  that  due  to 
the  individual,  and  that  due  to  the  instrument. 

The  individual  "  personality,"  all  extraneous  conditions  remaining 
the  same,  is  not  liable  to  veiy  great  change,  either  from  day  to  day,  or 
year  to  year.  But  the  "  i^ersonality "  due  to  the  instrument,  or  the 
method  of  observation,  is  subject  to  large  variations. 
•  The  following  conclusions  were  arrived  at  from  the  study  of  numer- 
ous experiments  extending  over  a  period  of  seven  years.  First, — 
The  absolute  "personality"  as  deduced  from  the  observation  of  arti- 
ficial stars,  by  means  of  the  chronograph,  is  found  to  vary,  for  the 
same  individual,  from  year  to  year,  from  day  to  day,  and  even  from 
hour  to  hour ;  but  the  variation»is  always  very  small  provided  all  the 
conditions  of  observation  are  the  same.  Second,  —  The  absolute 
"personality"  varies  with  the  apparent  motion  of  the  moving  object. 
The  greater  the  apparent  angular  velocity,  the  less  will  be  the  jiersonal 
equation.  Hence  it  is  concluded,  that  in  the  observation  of  transits 
the  personal  equation  will  vary  with  the  declination  ;  and  also  with 
the  magnifying  power  of  the  telescope. 
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TIip  (lift'erenci.'  of  personality  between  two  observers  does  not  ap- 
pear to  be  constant  for  stars  of  different  magnitudes.  From  observa- 
tions and  experiments  made  during  the  past  year,  it  appears  that  tlie 
difference  is  the  least  for  bright  stars,  and  greatest  for  faint  ones. 
If  subsequent  investigations  shall  prove  this  conclusion  to  be  correct, 
it  will  probably  be  found  to  be  due  to  defective  vision.  In  the  ob- 
servation of  faint  stars  a  feeble  illuminations  is  used  and  the  wires 
are  sometimes  indistinct.  But  when  a  bright  star  is  observed  with 
the  same  ilhunination,  the  light  of  the  star  itself  renders  the  wires 
distinctly  visible. 

The  personal  equation  for  the  same  individual  varies  with  the  kind 
of  illumination  employed.  Observations  made  with  illuminated  wires 
are  not  directly  comparable  with  those  made  with  illuminated  field. 
Our  meridian  instruments  are  so  arranged  that  we  can  instantly 
pass  from  one  kind  of  illumination  to  another.  The  transits  of  a 
laige  number  of  stars  were  observed,  using  illuminated  wires  for  the 
first  seven  and  illuminated  field  for  the  last  seA-en,  and  vice  versa.  It 
was  found  that  the  difference  between  the  two  methods  was  well 
marked,  amounting  in  the  maximum  to  three  tenths  of  a  second  of 
time. 


4.  Obskhvations  of  Vknus  near  Inferior  Conjunction.     By  C. 
S.  Lyman,  of  New  Haven,  Conn. 

A  PHENOMENON  of  mucli  interest,  and,  it  is  believed,  never  before 
observed,  was  exhibited  by  the  planet  Venus  at  the  time  of  her  last 
inferior  conjunction  (Dec."  11th,  1866),  as  seen  in  the  Clark  nine-inch 
equatorial  of  the  Sheffield  Observatory,  at  New  Haven.  —  viz. ;  The 
extension  of  the  cusps  of  the  crescent  so  as  to  coalesce  and  form  a  com- 
plete ring  of  light. 

The  prolongation  of  the  cusps  beyond  a  semi-circle  attracted  attention 
on  the  7tli,  when  the  planet  was  iS^°  from  the  sun,  the  arc  of  the  crescent 
being  then  about  220*.  On  the  10th,  from  10  A.  m.  to  3^,  p.  m.,  the 
full  ring  wsts  seen  repeatedly  by  several  observers.  It  was  an  exceed- 
ingly delicate  and  beautiful  object,  being,  on  the  side  opposite  the  sun,- 
the  merest  thread  of  light.  Tlie  observation  was  difficult,  on  account 
of  the  blaze  of  sunlight  in  the  field,  which  there  were  no  means  of 
much  reducing.     In^ed,  the  full  ring  could  not,  in  the  circumstances, 
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be  seen  constantly,  but  only  when  the  glare  of  the  sun  was  most  diiniu- 
.ished,  and  the  atmosphere  steadiest  for  definitiori.  At  other  times,  tlie 
crescent  was  easily  seen  extending,  at  least,  270°,  and  generally  300 
or  320"^.  When  latest  observed,  at  3^  o'clock,  Venus  was  only  1°  8' 
from  the  sun's  limb.  The  nearest  approach  of  centres  was  on  the  11th 
at  9  hours  52  minutes  A.  M.  No  attempt  'was  made  to  find  the 
planet,  as  it  was  then  legs  than  22'  from  the  limb.  On  the  12th,  how- 
ever, at  11  hours  30  minutes  A.  m.,  the  completed  ring  was  again 
observed,  the  planet's  elongation  from  the  sun's  centre  being  then 
l'^  51'.  Twice,  when  fortunately  a  passing  cloud  shut  off  the  sun  for 
a  few  moments,  leaving  the  planet  still  visible,  the  view  was  particu- 
larly satisfactory.  At  other  times,  tlie  coalescence  of  the  cusps  was 
seen,  not  constantly,  but  at  favorable  moments,  as  on  the  10th.  About 
2  o'clock,  the  full  ring  was  clearlj'^  seen  with  a  Clark  five-foot  refractor 
of  4|  inches  aperture  and  power  of  90,  by  placing  the  telescope  so  as  to 
have  the  sun  behind  a  neighboring  chimney. 

With  both  telescopes,  a  marked  inequality  was  noticed  in  the  ring  on 
the  northern  side,  a  portion  of  the  delicate  crescent  being  there  fainter 
and  slenderer  than  farther  towards  the  point  opposite  the  sun.  This 
fainter  arc  was  several  degrees  in  extent,  and,  by  estimate,  about  half- 
way between  the  point  nearest  and  that  farthest  from  the  sun.  It  was  ■ 
seen  also  by  Prof.  Loomis. 

On  the  14th,  the  arc  of  the  crescent  was  231°;  on  the  15th,  from 
205°  to  208°  ;  and  on  the  18th,  196°.  This  arc  was  determined  by 
estimate  from  cross  wii'es  made  to  quarter  the  disc,  and  also  by  measur- 
ing its  versed  sine  with  a  filar  micrometer.  Owing  to  the  difficulties 
of  observation,  these  determinations  are  not  as  exact  as  could  be 
desired,  yet,  from  their  general  accordance,  are  believed  to  be  pretty 
good  approximations.  <. 

The  extension  of  the  cusps  beyond  a  semi-circle  has  been  observed 
before  by  Schroeter,  Herschel,  Miidler,  and  others,  but  they  do  not 
appear  to  have  had  an  opportunity  of  following  the  planet  into  so  close 
proximity  to  the  sun  as  was  possible  at  the  late  conjunction,  and  hence 
failed  to  observe  the  completed  ring.  Had  the  conjunction  in  1866 
occurred  twenty-four  hours  earlier,  there  would  have  been  a  transit. 
Miidler,  at  Dorpat,  in  1849,  saw  a  maximum  crescent  of  240°,  Venus 
being  then  3°  26'  from  the  sun's  centre  (its  nearest  approach). 

On  the  supposition  that  the  phenomenon  is  due  to  the  refraction  of 
the  planet's  atmosphere,  Madler  made  the  horizontal  refraction,  from 
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Lis  observations,  43'.T.  My  observations  at  the  late  conjunction  give, 
by  the  same  fonnuhi,  4o'.3  as  tlie  mean,  from  six  measurements  of  the 
fusps. 
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1.    Ox   THE   Optical   Method    ok    Studying    Sound.     By  Jo- 
seph   LovERiNG,    of  Cambridge,  Mass. 

When  the  science  of  Acoustics  is  studied  by  means  of  the  ear 
exclusively,  we  judge  of  the  process  simply  by  the  result,  that  is,  by 
the  sensation.  The  optrcal  method  of  investigation  often  gives  us 
an  insight  into  the  process  itself.  Sound  begins  with  a  stationary 
vibration  in  the  sonorous  body  ;  it  is  propagated  by  a  progressive 
undulation ;  and  it  ends,  physically  and  mechanically  considered,  in  a 
vibration  of  some  one  of  the  three  thousand  nervous  filaments  discov- 
ered by  Corti  in  the  labyrinth  of  the  human  ear.  Whether  we 
regard  the  sound,  therefore,  at  its  origin,  in  its  promulgation,  or  in. 
the  sensation,  it  is  nothing  but  a  vibration ;  and  vibration  is  motion, 
and  motion  is  the  subject  of  vision.  So  that  to  see  sound  is  only 
to  see  the  motions  which  cause  it.  The  only  difficulty  of  seeing 
.sound  lies  in  the  fact  that  the  acoustic  vibrations  are  upon  a 
microscopic  scale  of  magnitude,  and,  by  their  quick  succession,  the 
separate  effects  of  individual  vibrations  blend  into  one  sensation, 
in  the  eye  as  well  as  in  the  ear,  by  virtue  of  what  is  called  in  both 
cases  the  persistency  of  the  impression  on  the  organ  of  sensation. 
To  overcome  the  first  difficulty  a  beam  of  light|  is  reflected  from  the 
vibrating  body,  or  a  mirror  attached  to  it,  which  moves  in  angle 
twice  as  fast  as  the  body  itself,  while  the  motion  in  arc  may  be 
amplified  to  any  extent  by  increasing  the  length  of .  the  beam  of 
light.  The  second  difficulty  is  surmounted  by  reflecting  the  vibra- 
tions of  the  sonorous  body  itself,  or  some  more  visible  effect  which 
they  originate,  from  a  revolving  mirror.  By  this  device  of  looking 
at  the  image  of  the  body,  instead  of  the  body  itself,  its  vibrations, 
•which  coexist  in  space,  are  disentangled  from  each  other,  and  move- 
ment vibrations,  hundreds  of  which  succeed  each  other  in  a  single 
second  of  time,  are  translated  into  a  long  belt  of  space,  in  which 
even  two  .successive  ones  do  not  overlap. 
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The  optical  method  of  studying  sound  emhracos,  iii  general,  Savart's 
contrivance  for  discovering  and  exhibiting  the  nodal  lines  of  plates  by 
means  of  sand  sprinkled  over  their  surtace,  tlie  investigation  of  tiie 
nodes  and  bellies  of  sounding  strings  by  mounted  riders,  and  of  col- 
umns of  air  by  a  little  drumhead  suspended  in  tlie  pipes,  and  more 
recently  Lissajous'  mirrors  attached  to  tuning-forks,  etc.,  Koenig's 
flames  played  upon  by  vib'rating  columns  of  air  and  reflected  in  a  re- 
volving mirror,  and,  finally,  Melde's  strings  excited  by  the  sympathetic 
vibration  of  an  attached  tuning-fork  or  bell. 

The  present  communication  is  confined,  liowever,  to  Koenig's  re- 
flected flames,  in  which  are  seen  the  individual  vibrations  of  an  organ 
pipe ;  by  which  can  be  beautifully  demonstrated  to  the  eye :  First,  — 
That  the  number  of  vibrations  increases 'with  the  audible  pitch; 
Second,  —  That  coexisting  vibrations  produce  maxima  and  minima  of 
motion  corresponding  to  the  beats  which  are  recognized  by  the  ear; 
Third,  —  That  one  column  of  air  will  respond,  in  sympathetic  vi- 
bration, to  another  when  there  is  an  agreement  between  their  fun- 
damental notes  or  some  of  their  harmonics ;  Fourth,  —  That  two 
unison-pipes,  brought  into  intimate  neighborhood,  will  move  so  that 
the  vibrations  of  the  air  cross  one  another  and  produce  silence,  as 
Savart  showed  experimentally  in  the  case  o'f  pendulums  of  equal 
length  vibrating  in  company. 

This  peculiar  case  of  unison-pipes  I  have  made  a  subject  of  special  • 
investigation.  In  complex  cases,  it  v/ould  doubtless  be  impossible  so 
to  arrange  the  voices  and  instruments  that  the  total  volume  of  sound 
should  be  multiplied  in  the  same  ratio  as  the  number  of  performers. 
The  effect  of  a  large  chorus  or  a  large  orchestra  will  disappoint  ex- 
pectation, from  the  uiftivoidable  interferences  of  sound-waves.  But  in 
the  simple  case  of  two  unison-pipes,  can  they  be  prevented  from 
silencing  each  other?  The  remedy  for  the  evil  would  be:  First, — 
To  .sacrifice  in  a  measure  the  perfection  of  the  unison  ;  or.  Second,  — 
to  place  them  at  a  distance  beyond  each  other's  influence  ;  or.  Third,  — 
to  separate  them  by  one-half  of  the  w^ave-length  which  propagates  a 
sound  of  the  given  pitch,  or  by  some  odd  multiple  of  that  quantity. 
The  latter  remedy  would  answer  for  auditors  in  the  direction  of  the 
line  which  united  the  two  pipes,  though  not  for  the  audience  generally. 
In  studying  the  eftect  of  position  I  have  made  the  following  experi- 
ments, the  ear  being  the  judge;  or  the  eye,  looking  at  the  broken 
ribbon  of  light  in  the  revolving  mirror. 
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I.  The  pipes  are  placed  side  by  side. 

1.  With  similnr  ends  together,  tliey  silence  each  other. 

2.  With  dissimilar  ends  together,  tliey  silence  each  other. 

II.  The  pijies  are  placed  with  their  axes  upon  the  same  straight 

line. 

1.  If  similar  ends  are  together,  whichever  of  the  two  ends  he  se- 
lected, they  silence  one  another. 

2.  If  dissimilar  ends  are  together,  they  silence  each  other. 

III.  The  pipes  are  placed  at  right  angles  to  one  another,  with  one 
extremity  of  each  j^ipe  at  the  angle. 

1.  If  the  ends  that  are  played  are  at  the  angle,  the  pipes  rein- 
force each  other. 

2.  If  the  other  ends  are  at  the  angle,  thej  tend  to  silence  each 
other. 

3.  If  dissimilar  ends  are  at  the  angle,  the}'  reinforce  each  other. 

In  all  these  experiments  the  pipes  employed  were  open  at  both  ends. 

Now  that  science  is  in  possession  of  this  delicate  optical  method, 
which  requires  for  its  success  no  nice  musical  eai',  other  problems,  here- 
tofore settled  by  assumjition,  may  be  brought  within  the  range  of 
demonstration. 


2.  Ox  A  Method  of  Measuring  Musical  Iutekvals  upox  a 
Spiral  Projection.  By  Samuel  D.  Tillman,  of  New  York, 
N.  Y. 

Vibrations,  producing  the  different  sounds  of  the  diatonic  scale, 
have  fixed  numerical  relations.  Starting  from  the  first  or  lowest  sound, 
and  proceeding  upward,  the  eighth  sound  is  found  to  harmonize  most 
perfectly  with  the  first ;  proceeding  still  upward,  the  fifteenth  is  found 
to  harmonize  just  as  perfectly  with  the  eighth,  and  the  twenty-first 
with  the  fifteenth.  Each  of  these  four  sounds  are,  therefore,  regarded 
as  the  first  in  a  distinct,  but  similar,  series,  embracing  seven  sounds. 
The  vibrations  producing  each  sound  of  the  first  series  are,  to  those 
causing  a  similar  sound  in  the  second,  as  1  to  2.     This  natural  divi- 
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sion  of  musical  sounds  into  septaves  is  not  clearly  shown  when  the 
characters  or  signs  representing  these  sounds  are  arranged  in  one  right 
line,  as  found  in  all  popular  systems  of  instruction;  moreover,  the  ear, 
in  demanding  the  addition  of  the  octave,  as  the  terminal  note  of  the 
diatonic  scale,  helps  to  mislead. 

To  obviate  this  difficulty,  I  repre- 
sent the  progress  of  pitch,  from  the 
lowest  to  the  highest  musical  sound, 
perceptible  to  the  human  ear,  by  *a 
line  passing  spirally  around  a  cone, 
as  seen  in  Fig.  1. 

Each  ring  measures  a  septave.  A 
right  line  drawn  from  the  apex  to  the 
base  of  the  cone  cuts  the  spiral  at  each 
point  where  there  is  an  apparent  re- 
turn to  the  tonic  by  a  repetition  of 
the  octave.  All  the  sounds  known 
as  C  are  shown.  On  the  right  is  the 
number  of  vibrations  producing  each, 
assuming  that  the  middle  C  has  512,  or  is  the  ninth  octave  of  an  im- 
aginary sound,  having  one  vibration  per  second.  The  French  standard 
pitch  requires  for  this  sound  522  vibrations  per  second.  On  the  left 
are  the  positions  of  all  the  notes  C  on  the  staff,  as  fixed  by  the  base 
and  treble  clefs. 

Twelve  similar  right  lines,  at  equal* 
distances  around  the  cone,  would  rep- 
resent the  intervals  of  the  chromatic 
scale,  as  made  by  keyed  instruments  ; 
and  seen  from  the  top  of  the  cone, 
they  would  appear,  as  shown  in  Fig. 
2,  which  measures  all  the  intervals 
made  on  the  largest  sized  organ. 

The  true  spiral  projection,  repre- 
senting a  single  septave,  is  shown  in 
Fig.  4.  The  line  CO  being  the  length 
of  a  string  or  pipe  giving  the  sound 
C ;  and  c  0.  a  similar  string  or  pipe,  half  as  long  as  the  first,  which 
gives  a  sound  an  octave  higher  than  the  first  sound.  The  perfect 
concord  of  theise  two  sounds  arises  from  the  fact  that  every  wave  of 
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air  producing  the  lower  sound  strikes  the  ear 
simultaneously  with  every  other  wave  caus- 
ing the  octave. 

The  intermediate  sounds  of  the  diatonic 
scale  W'Ould  be  measured  on  the  septave  by 
lines  proportionate  to  the  length  of  strings 
or  pipes  producing  such  sounds.  Only  three 
are  shown  at  E,  ¥,  and  G.  The  ratio  of  the 
vfbrations  producing  these  sounds  respective- 
ly with  those  producing  C  being  as  4  :  5,  3 : 
4,  and  2  :  3.  The  generation  of  a  spiral  on 
this  plan,  to  embrace  every  septave,  requires  that  the  length  of  the 
radius  vector  should  be  doubled  with  every  revolution  of  the  generatrix, 
and  w-ould,  therefore,  on  account  of  its  size,  be  quite  inconvenient. 
For  general  use  I  substitute  a  true  circle  for  one  ring  of  the  spiral,  and 
divide  it  into  twelve  equal  parts  or  grades  to  represent  the  tempered 
intervals  of  one  septave,  as  made  by  keyed  instruments.  It  resembles 
the  ordinary  watch  dial,  12  being  the  ■{'>  \  2  2  4  5 
starting-point  or  the  tonic  of  the  natural    |^|JS~|!1    IZ"! 


key.  The  position  of  the  figures  on  a 
watcli-face  being  so  early  learned  and  so 
familiar  to  every  one,  there  is  but  little 
difficulty  in  adapting  them  to  musical  in- 
tervals. Inverting  the  circle  of  figures, 
^s  application  to  the  keys  of  a  piano, 
or  an  organ,  are  shown  in  the  annexed 
illustration.  Fig.  5. 

Two  septaves  of  keys  are  shown  in 
Fig.  3.  The  numbers  12,  2,  4,  5,  7,  9, 
11  correspond  with  the  letters  designating  the  notes  of  the  natural 
key  of  C,  while  the  numbers  1,  3,  6,  8, 10  designate  notes  used  in  other 
keys.  This  application  of  num- 
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bers  to  the  twelve  sounds  em- 
braced in  a  septave  obviates 
the  necessit}'  of  sharps  and  flats 
'which  do  not  properly  belong 
to  the  tempered  system  em- 
ployed on  keyed  instruments. 
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The  position  of  tlie  numbers  used  in  the  key  of  C,  on  the  staff,  as 
fixed  by  the  base  and  treble  clefs,  are  sliown  in  Figs.  6  and  7. 

Fig.S. 
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These  preliminary  statements  will  make  plain  the  use  of  my  Tono- 
meter, which  measures'  to  the  eye  all  musical  intervals.  (The  instru- 
ment was  here  presented  by  the  speaker,  and  illustrated  on  the  black- 
board.) It  consists  of  a  sheet  or  plate  containing  a  circle  divided  into 
spaces  representing  the  intervals  of  the  true  as  well  as  the  tempered 
system.  A  division  of  the  circle  into  equal  spaces,  so  as  to  measure  by 
multiples  of  one  such  space  all  intervals  that  ran  be  made  by  modula- 
t'oiis,  would  be  so  minute  as  to  be  of  no  practical  service.  I  have  sub- 
stituted a  near  apj^roximation  to  the  true  intervals  by  dividing  the  cir- 
cle into  fifty-three  equal  parts  called  commas.  The  comma  used  is  the 
difference  between  the  first  and  the  second  intervals  of  the  diatonic 
scale,  expressed  by  the  ratio  of  %^.  Takiiig  the  ratio  of  the  air-waves 
producing  each  sound  of  the  true  septave  with  those  producing  the 
tonic,  and  deducing  the  ratio  of  the  several  sounds  with  each  other,  we 
have  the  following  ratios  of  intervals :  |,  ^-,  \%,  |,  J^"-,  |,  \%.  Thg 
first  three  ratios  being  nearly  as  the  whole  numbers  9,  8,  5,  we  may 
measure  the  so-called  major-tone,  minor-tone,  and  semitone  intervals  of 
the  septave  by  9,  8,  5,  9,  8,  9,  5=53,  or  the  whole  number  of  units  in 
the  circle. 

The  same  circle  is  also  divided  into  twelve  equal  parts  representing 
an  isotonic  temperament  of  the  chromatic  scale,  applicable,  however,  to 
keyed  instruments  tuned  by  allotonic  temperaments. 

Within  this  fixed  circle  is  a  movable  circular  disk,  having  upon  it 
the  same  divisions  representing  the  true  and  tempered  intervals.  As 
the  notes  of  the  septave  have  the  same  fixed  relation,  it  is  evident  that 
the  position  of  the  movable  tonic  at  any  pitch  shown  on  the  fixed  cir- 
cle will  determine  the  position  of  every  other  note  on  the  same  circle. 
The  notes  of  the  septave  represented  on  the  disk  are  distinguished  by 
the   common  syllables  used  in  solfeggio,   and  the  numbers  by  which 
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tliey  arc  known  in  figun'd  base.  Within  the  movable  circle,  repre- 
senting the  intervals,  and  in  the  major  mode,  is  another  series  of  signs, 
representing  the  notes  of  the  minor  mode.  Thus  completing  the  sym- 
bols for  one  key,  by  turning  the  tonic  sign  from  C  to  G,  D,  A,  E,  B, 
and  F  sharp  respectively,  we  see  at  a  glance  the  notes  belonging  to 
each  key  in  a  modulation  by  sharps.  Again,  starting  from  C  and  j^ass- 
ing  to  F,  1>  flat,  E  flat,  A  flat,  1>  Hat,  and  G  flat,  we  find,  in  turn,  the 
sounds  belonging  to  these  several  tonics.  The  employment  of  numbers 
in  the  place  of  letters  renders  these  changes  in  modulation  much  more 
simple,  and  obviates  the  unwarrantable  use  of  the  terms  "  flat "  and 
"  sharp."  In  a  modulation  by  sharps,  seven,  added  to  the  last  tonic, 
gives  the  next  succeeding  one ;  thus  12,  7,  2,  9,  4,  11,  G.  In  a  modula- 
tion by  flats,  5  is  added ;  thus  we  have  12,  5,  10,  3,  8,  1,  6,  as  the 
regular  order  of  tonics.  Both  series  begin  and  end  with  the  same  figures. 
The  seven  sounds  used  in  each  modulation  are  determined  by  this 
simple  rule ;  viz..  If  the  tonic  is  an  odd  number,  the  next  two  notes  are 
odd,  and  the  remaining  four,  even ;  vice  versa,  if  the  tonic  is  an  even, 
number,  the  next  two  notes  are  even,  and  the  remaining  notes  odd. 

A  synopsis  of  chords  expressed  by  the  solfeggio  syllables  is  adapted, 
by  means  of  the  revolving  disk,  to  the  twelve  diflerent  modulations 
made  by  keyed  instruments. 

The  relatioi:\s  of  sound  and  color  are  shown  by  applying  the  colors  of 
the  solar  spectrum  to  the  seven  intei*vals  of  the  septave.  Red,  made  by 
the  lowest  number  of  undulations,  represents  the  tonic  ;  yellow,  the 
mediant ;  and  blue,  the  dominant.  I  have  elsewhere  pointed  to  the 
very  curious  coincidence  arising  from  this  arrangement  of  colors ;  the 
darkest  color,  indigo,  falls  on  the  relative  minor  tonic  ;  and  tlie  bright- 
est," yellow,  on  the  brilliant  mediant;  from  which  the  deduction  is 
made  that  light,  heat,  and  actinism  result  from  the  undulations  of  the 
same  attenuated  medium  ;  that  the  two  forces  Itist  named  vary  inversely 
as  the  length  of  undulations,  while  the  perception  of  hght  and  color 
results  from  the  ratio  of  undulations  embraced  in  a  single  octave. 

The  intervals  of  the  three  major  and  three  minor  common  chords  are 
respectively  measured  by  4,  3,  and  5  grades  and  3,  4,  and  5  grades. 
Discovering  that,  in  each  case,  the  sum  of  the  squares  of  the  first  two 
numbers  was  equal  to  the  square  of  the  third  number,  I  was  led  to 
re{)resent  these  triads  by  right-angled  triangles.  In  comma  terms  the 
equation  is  17^  -{-I42  =22^  -|-  1.  The  same  terms  show  that  twelve 
consecutive  fifths  overlap  seven  consecutive  octaves,  that  is,  31  X  12=^ 
53  X  7  +  1. 
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Further  deductions  liave  been  made  which  are,  however,  foreign  to 
the  purpose  of  tliis  paper,  but  this  singular  relation  of  lines  and  angles 
to  the  harmony  of  color,  as  well  as  sound,  does  suggest  that  there  are 
certain  connecting  links  between  form  and  motion,  the  discovery  of 
which  may  reveal,  partially,  at  least,  those  processes  of  nature,  produc- 
ing both  permanency  and  growth  ;  and  that,  eventually,  man  may 
comprehend  the  operation  of  those  wave-forces  wdiich,  bj^  harmonious 
blending,  shape  cell  and  crystal  and  define  the  forms  of  leaf  and 
flower. 

In  conclusion,  I  would  advocate  a  change  in  the  solfeggio  syllables 
which  gives  each  a  vowel  termination,  and,  at  the  same  time,  assists  the 
vocalist  in  determining  their  harmonic  relations.  This  slight  reform 
only  carries  out  what  seems  to  have  been  the  original  intention  of  the 
early  masters.  The  Greeks  applied  to  their  tetrachords  the  syllables 
Ta,  Te,  The,  Tho.  Although  their  system  was  early  supplanted  by 
the  septave,  no  improvement  in  solmization  was  made  until,  in  the 
eleventh  century,  Guido  Aretino  designated  the  first  six  sounds  by  dif- 
ferent syllables.  He  was  led  to  their  use  by  noticing  a  marked  rela- 
tion between  the  ascending  sounds  given  to  the  first  syllables  of  the 
following  Hymn  to  St.  John:  — 

Ut  queant  laxis, 

Resonate  fibris,  * 

JVIira  gbstorum, 

Famuli  tuorum, 

Solve  polluti, 

Labii  reatum, 

Sancte  Johannes. 

Regarding  this  discovery  as  a  special  revelation  to  him,  he  did  not 
venture  to  complete  the  scale,  which  was  done  long  after  his  time  by 
adding  si.  The  consofcant  ending  of  two  of  these  syllables  was  not 
favorable  to  prolonged  vocal  sound.  Ut  was  afterward  replaced  by  do. 
The  I  in  sol,  when  followed  hj  la  did  not  seeni  so  objectionable,  and 
sol  has  held  its  place  among  syllables  which  have  been  used  in  solmi- 
zation for  eight  hundred  years.  Guido's  scale  commenced  on  G,  and 
was  sometimes  designated  by  the  Greek  name.  Gamma,  also  by  ut, 
from  whence  arose  Gammut ',  thus  the  discarded  ut  has  found  a  perma- 
nent place  in  the  name  of  the  scale.  The  change  I  propose  is  the  sub- 
stitution of  To  for  do,  and  of  do  for  sol ;  thus  To  will  always  be  found 
on  the  Tonic  ;  vii  on  the  Mediant ;  and  do  on  the  Dominant ;  and  To- 
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mi-do  will  express  tlie  common  chord  now  known  as  the  first,  third, 
m\d  fifth.  All  chords  may  be  indicated  by  a  combination  of  solfeggio 
syllables,  and  numbers  only  used  to  designate  the  twelve  grades  of  the 
spiral  which  represent  the  twelve  intervals  of  the  tempered  system. 


3.     On  a  New  Fokm  of  Wave  Apparatus.     By  C.  S.  Lyman,  ot 
New  Haven,  Conn. 

The  class  of  waves  which  this  piece  of  mechanism  was  designed  to 
illustrate  is  that  whose  type  is  the  ordinary  ocean  wave  in  deep  water. 
The  apparatus  exhibits  not  only  the  wave  profile  with  its  progressive 
motion,  but  also  the  motions  taking  place  below  tlie  surface,  in  the 
whole  mass  of  liquid  affected.  Since  the  motions  in  the  apparatus  are 
essentially  the  same  as  in  nature,  the  leading  geometrical  and  dynami- 
cal facts  pertaining  to  the  theory  of  waves  are  presented  with  com- 
pleteness, and  in  their  true  relations.  The  wave  theory  illustrated  is 
that  established  by  Gerstner,  Scott  Russell,  Rankine,  and  others,  and 
which*  teaches  that,  in  such  waves,  all  the  particles  are  revolving  syn- 
chronously, and  in  the  same  direction,  in  vertical  circles.  An  able 
analytical  exposition  of  it,  by  Prof.  Rankine,  is  contained  in  the  Phil- 
osojihical  Transactloiis  for  1863.* 


*  It  is  somewhat  singular  that  this  tlieory,  tiiou^di  mort'  than  half  a  century 
old,  has,  nevertheless,  but  just  begun  to  supplant,  in  the  text-books,  that  wliich 
explains  wave  motion  as  a  vertical  oscillation  of  neighboring  liquid  columns,  as 
Mn  the  two  branches  of  a  U-shaped  tube,  a  theory  commonly  credited  to  Xcwton ; 
tiiough  Newton,  in  fact,  only  used  it  as  a  convenient  approximative  hyj>othesis  for 
a  particular  purpose,  not  as  a  theory  true  to  nature,  remarking  in  conclusion, 
"  Hoec  ita  se  habent  ex  Hypothesi  quod  partes  aqua;  recta  ascendunt  vel  recta  de- 
scendunt  ;  sul  ascfiisus  el  descensus  illeveriusjit  per  cirrulum." 
VOL.    XVI.  5 
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The  construction  of  the  apparatus  is  simple.  In  front  of  a  plane 
surface  are,t\vo  series  of  revolving  arras  or  cranks,  the  length  of  the 
lower  ones  being  half  that  of  the  upper.  Two  elastic  wires  connect 
the  crank-pins  of  each  series ;  upright  wires  also  connect  each  pair 
of  cranks,  and  pass  down  through  a  plate  into  the  base.  The  cranks 
all  rev^olve  synchronously ;  they  thus  keep  their  relative  position,  and 
come  into  any  j^articular  position  successive!}',  each  in  its  turn.  The 
relative  position  of  the  cranks  of  eacli  series  is  such,  that  the  directions 
of  any  two,  in  regular  order,  differ  by  the  same  fraction  of  a  whole 
revolution  that  the  distance  between  their  axes  is  of  a  whole  wave 
length.  In  the  appa^ratus,  the  length  of  a  wave  is  divided  into  eight 
equal  portions,  and  hence,  the  common  difference  in  the  directions  of 
the  crank-arms  is  one  eighth  of  a  circle,  as  shown  in  the  figure.  The 
positions  of  the  cranks  in  each  vertical  set  are  always  alike.  The 
number  of  cranks,  whether  reckoned  horizontally  or  vertically,  is 
arbitrarj^,  —  a  matter  of  convenience.  Their  synchronous  revolution 
is  produced  by  any  suitable  mechanism,  such  as  toothed  wheels,  rag- 
wheels  with  endless  metallic  ribbon  or  chain,  or  cranks  and  con- 
necting frame.  In  the  original  machine,  equal  toothed  wheels,  one  on 
each  axis,  with  intermediate  idle-wheels,  give  the  required  motion. 
For  small  machines  the  third  method  is  used,  as  in  the  model  for  the 
Patent  Office. 

The  crank-pins  represent  as  many  liquid  particles,  and  the  circles 
behind  the  crank-pins  their  orbits.  The  transverse  wires  represent 
lines  of  equal  pressvire,  or  continuous  lines  of  particles,  which  at  rest 
would  be  horizontal,  and  so  coincide  with  the  lines  drawn  just  below 
the  centres  of  the  orbits,  the  upper  one  of  these  being  the  surface  line, 
the  lower  one  a  line  of  particles  one  ninth  of  a  wave's  length  below. 
The  upright  wires  represent  lines  of  particles  which  at  rest  would  be 
vertical.  Every  point  in  these  moving  lines  describes  its  own  distinct 
orbit.  The  spaces  between  the  wires  show  the  varying  distortions  of 
sections  of  water  originally  rectangular. 

The    radius  of  the  large  circle  is  made   such  that  its  ratio  to  the 

radius  of  a  particle's  orbit  is  equal  to  the  ratio  of  gravity,  or  the  weight 

of  the  particle,  to  its  centrifugal  force  ;  or,  putting  E  and  r  for  the  radii 

4:  7T'^  r 
respective!}',  and  t  for  the  time  of  revolution,  we  make  R:  r::  g  :  — — — \ 

hence,  t  =  2  Tiy  ->  wliich  is  the  period  of  a  revolving  pendulum  whose 
heiglit  is  R.     Such  a  pendulum,  then,  will  keep  time  with  the  wave. 
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The  force  acting  on  a  particle  being  tlie  resultant  of  its  weight  and 
centrifugal  force,  if  the  latter  be  represented,  in  intensity  and  direction 
by  the  crank-arm  or  radius  vector  of  the  particle,  the  former,  or  gravity, 
will  be  represented,  similarly,  by  the  vertical  radius  of  the  large  circle, 
and  the  resultant  of  the  two  by  the  third  side  of  the  triangle,  or  a  line 
drawn  from  the  top  of  this  radius  to  the  particle.  The  wire  pendulum 
represents  this  resultant,  and,  like  it,  is  always  normal  to  the  wave 
surface. 

The  measure  of  the  resultant  force  being  the  distance  on  the  wire 
pendulum  from  its  point  of  suspension  to  the  wave  surface,  it  is  seen 
that  when  the  particle  is  at  the  top  of  its  orbit,  the  acting  force  is  its 
weight  minus  its  centrifugal  force ;  when,  then,  the  centrifugal  force 
equals  the  weight,  as  in  high  short  waves,  the  resultant  becomes  zero, 
and  the  particle,  no  longer  held  by  gravity,  flies  from  the  crest  in  foam- 
Since  the  wire-pendulum  is  always  normal  to  the  wave-curve,  its 
entre  of  oscillation  is  the  instantaneous  centre  about  which  may  be 
described  an  element  of  the  curve  at  the  point  of  normalcy.  Hence 
if  this  circle  be  rolled  along  under  a  horizontal  straight  line,  a  point 
Avithiu  it,  at  a  distance  from  its  centre  equal  to  half  the  height  of  a 
wave,  will  describe  a  trochoid,  which  is  the  wave  profile.  Consequently, 
the  circumference  of  the  rolling  circle  is  equal  to  the  length  of  a  wave  ; 
and  the  period  of  a  wave  is  that  of  a  revolving  pendulum  whose  height 
is  the  radius  of  the  same  circle. 

If  the  describing  point  be  taken  in  the  circumference  of  the  rolling 
circle,  the  curve  is  an  inverted  cycloid.  The  cycloidal  cusp,  tlien.  is  the 
limit  of  sharpness  of  a  wave's  crest,  the  radius  of  the  orbit  being,  in 
that  case,  equal  to  that  of  the  rolling  circle,  or,  in  other  words,  the  par- 
ticle's centrifugal  force  equal  to  its  weight.  All  possible  wave  profiles, 
therefore,  are  trochoids  of  curvatures  ranging  between  the  limits  of  tha 
cycloid  on  the  one  hand,  and  the  straight  line  on  the  other,  or  between 
the  sharp  crest  breaking  in  foam  and  the  level  of  still  water.  The 
greater  sharpness  of  the  crests  than  of  the  troughs,  with  its  cause,  is 
conspicuous  in  the  apparatus. 

It  is  seen  also  that  the  crests  rise  higher  above  the  level  of  still 
water  than  the  troughs  fall  below  it.  The  difference  is  equal  to  twice 
the  height  due  to  the  orbital  velocity  of  the  particle,  or  is  a  third  pro- 
portional to  the  radius  of  the  rolling  circle  and  the  radius  of  the  parti- 
cle's orbit ;  that  is,  putting  E  and  r  for  these  radii  respectively,  ajid  D 
for  the  difference  in  question, 
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The  rolling  circle  is  the,  same  for  all  wave  profiles  (or  surfaces  of  equal 
pressure)  down  to  still  water,  the  tracing  arm,  or  orbit-radius,  only 
becoming  shorter  in  a  geometrical  ratio,  with  increase  of  depth.  The 
rate  of  shortening  is  approximately  one  half  for  each  additional  depth 
equal  to  one  ninth  of  a  wave's  length ;  or,  more  exactly,  putting  /■  and 
^-^  for  the  radii  respectively  of  a  surface  orbit  and  of  one  whose  middle 
depth  is  k,  it  is 

7^  ■=zr  e  li, 

R  being  the  radius  of  the  rolling  circle,  and  e  the  base  of  the  Naperian 
logarithms. 

The  distance  of  the  crank-axes  above  the  horizontal  lines  on  the 
background  corresponds  to  the  distance  of  the  orbit-centres  of  cor- 
responding particles  in  wave  motion  above  the  position  of  the  same 
particles  when  at  rest ;  this  distance  is  a  third  proportional  to  the 
diameter  of  the  rolling  circle  and  the  radius  of  the  particle's  orbit,  or 
is  equal  to  the  height  from  which  a  body  must  fall  to  acquire  the 
orbital  velocity  of  the  particle,  or,  is  equal  to  the  area  of  the  orbit 
divided  by  the  length  of  the  wave ;  that  is,  putting  li  for  this  distance, 
I  for  the  wave's  length,  v  for  the  orbital  velocity,  and  the  other  symbols 
as  before, 

,,2  4  ji2    ,.2  -y2  jij,2 

The  length  of  a  wave  whose  period  is  t  is 

2i  Tt 

the  period 

and  the  velocity  of  propagation  of  such  a  wave 


t      2n      \l2n        ^ 


The  motion  of  the  wire-pendulum  represents  the  motion'of  the  mast 
of  a  raft  floating  on  the  wave's  surface;  the  upper  portion  of  each 
upright  wire  shows  the  motion  of  a  long,  thin  body  floating  in  a  ver- 
tical position,  as  a  board  end  down ;  the  varying  inclination  of  the  two 
bodies,  or  wires,  to  each  other  shows  the  kind  of  strain  produced  by 
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wave-action  on  a  floating  body  botli  broad  and  deep,  such  as  the  hull 
of  a  vessel. 

In  shoal  water,  the  orbits  are  no  longer  circles,  but  ellipses  or  ovals, 
with  the  eccentricity  increasing  as  the  depth  diminishes,  while  the  front 
slope  of  fhe  wave  becomes  increasingly  steeper  than  the  back,  until 
the  crest  finally  curls  over  and  breaks  in  surf. 

The  apparatus  has  been  patented,  and  is  naanufactured  by  Messrs. 
E.  S.  Ritchie  and  Son,  of  Boston. 


III.  ^PHYSICS    AND   CHEMISTRY.! 

1.     Tellurium,  a  Metal.     By  L.  Bradley,  of  Jersey  City,  N.  J. 

By  the  kindness  of  Dr.  L.  Feuchtwanger,  of  New  York,  I  am  per- 
mitted to  exhibit  this  piece  of  Tellurium.  He  informs  me  tliat  it  was 
extracted  from  a  coiflbination  of  Tellurium  and  Gold,  discovered  on 
the  Stanislaus  River,  in  Calaveras  County,  California. 

At  a  recent  discussion  before  the  Polytechnic  branch  of  tlie  Ameri- 
can Institute,  in  reference  to  it,  a  question  arose  as  to  its  metallic 
nature,  and  its  power  of  conducting  electricity.  Whereupon  I  ob- 
tained permission  to  take  it  and  test  its  conductivity  as  compared 
with  several  other  substances.  I  procured  pieces  of  about  the  same 
dimension  [half-inch  square  by  three-fourths  inch  long]  of  zinc,  mag- 
nesium, cast  iron,  graphite,  several  pieces  of  coke,  black  oxide  of  man- 
ganese, sulpliuret  of  antimony,  and  sulphur;  also  an  appliance  for 
conveniently  connecting  them,  one  at  a  time,  into  a  circuit  of  short, 
coarse  wire,  designed  to  conduct  a  current  of  electricity,  generated  by 
four  cups  of  Hill's  battery.  The  battery  being  arranged  as  compound 
battery,  i.  e.,  the  positive  pole  of  one  cup  connected  with  the  negative 
of  the  next,  and  so  on,  and  using  the  tangent  galvanometer  for  inten- 
sity, I  obtained  the  following  deflections ;  viz. :  —  ^ 

"With  no  Substance 80° 

"  Tellurium 80° 

"  Zinc 80° 

"  Magnesium 80° 

"  Cast-iron 80° 

"  Graphite 79°  5' 

"  Coke 79°20'to80° 

"  Manganese I90  20' 

"  Sulphuret  of  Antimony 0° 

"  Sulphur 0° 
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Quantity  Galv. 

Intensity  Galt. 

28°  20' 

62° 

26°  50' 

62° 

27°  40' 

62° 

27° 

62° 

27° 

62° 

15°  10' 

61° 

20°  to  27° 

61°  10'  to  62° 

0 

0 

0 

0 

0 

0 

With  tlie  cups  arranged  as  simple,  or  quantity  battery.  —  i.  e.,  the 
positive  poles  connected,  and  the  negative  poles  connected,  —  the  de- 
li ections  were 
With 
No  Substance 
Tellurium 
Zinc 

Magnesium 
Cast-iron 
Graphite 
Coke 

Manganese 

Sulplmret  of  Antimony 
Sulplnir 

This  shows  how  little  capable  a  quantity  current  is  of  overcoming 
resistance  ;  for,  even  the  manganese,  which,  under  the  intensity  cur- 
rent, admitted  a  deflection  of  19°  20',  under  this,- seemed  like  a  perfect 
insulator,  even  by  the  very  sensitive  quantity  galvanometer. 

Tellurium  heats  readily,  though  not  quite  so  rapidly  as  zinc,  and  it 
cools  a  little  more  slowly. 

It  is  not  to  be  expected  that,  with  pieces  so  small,  and  with  so  weak 
a  battery,  very  nice  and  exact  results  are  to  be  attained  ;  but  the  fore- 
going are  sufficient  to  show  that  Tellurium  is  a  good  conductor  of  both 
heat  and  electricity ;  and  we  see  that  it  possesses  a  brilliant  metallic 
lustre. 

The  question  arises,  therefore,  why  is  it  that  chemists,  especially 
those  of  France,  have  recently  ranked  it  among  the  non-metallic  sub- 
stances ? 

Metallic  lustre  and  conducting  power  have  always  been  looked  to  as 
the  distinguishing  characteristics  of  metals.  Kane  says,  "  By  the  com- 
bination of  these  two  characters,  lustre  and  conducting  power,  the 
metallic,  or  non-metallic  nature  of  a  body  is  always  distinguished." 

It  is  true  that  Tellurium  is  not  malleable  nor  ductile,  as  are  many 
of  the  metals  ;  neither  is  bismuth  or  antiinon}^  Like  the  non-metallic 
substances,  it  unites  with  oxygen  to  form  acid.  So  do  antimony, 
arsenicum,  gold,  chromium,  manganese,  and  man^^  other  metals.  With 
hydrogen  it  unites,  forming  a  hydruret ;  so  do  potassium,  arsenicum, 
and  antimony.  In  short,  it  possesses  the  universally  admitted  distin- 
guishing chajracteristics  of  metals  ;  and  nothing,  either  in  physical 
character  or  chemical  behavior,  which  it  does  not  hold  in  common 
with  some  other  metals.     I  must  therefore  call  it  a  metal. 
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2.  Prelimixaky  Kotice  of  Expeki.aients  ox  Sxow  at  Tempera- 
tures BELOW  32''  Fahrenheit.     By  Edward  Hungerford, 

of  Burlington,  Vt. 

(abstkact.) 

This  paper  gave  full  details  of  a  series  of  experiments,  conducted  by 
the  author,  to  determine  the  effect  of  pressure  upon  snow,  at  tempera- 
tures below  the  melting  point.  The  experiments  raise  a  serious  doubt  as 
to  the  correctness  of  the  assertion  that  snow  cannot  be  converted  into  ice 
by  pressure  at  those  temperatures.  By  prolonged  pressure  the  glacifi- 
oatiou  of  the  snow  was  effected  under  such  conditions  as  did  not  seem 
to  admit  either  of  the  elevation  of  the  temperature  of  the  snow  to  32'^, 
or  of  its  liquefaction  through  depression  of  the  melting  point.  It  is 
claimed  that  the  prolongation  of  the  pressure  gives  time  for  the  air  to 
escape  from  the  meshes  of  the  snow,  thus  permitting  intimate  contact 
between  the  particles,  when  union  takes  place,  resulting  in  transparent 
or  semi-transparent  ice.*  The  method  of  conducting  experiments  was 
explained  and  apparatus  exhibited.  The  important  bearing  of  these 
experiments  on  the  subject  of  the  glacification  of  the  neve  and  on  the 
theories  of  regelation  leads  the  author  to  propose  to  continue  them 
durina:  the  coming  winter. 


3.  Chemical  Diagrams  and  Derivative  Symbols,  Illustrat- 
ing THE  Prominent  Characteristics  of  Chemical  Ele- 
ments.    By  Samuel  D.  Tillman,!  of  New  York,  N.  Y. 

Chemists  now  recognize  at  least  64  different  kinds  of  ponderable 
matter  which  have  not,  thus  far,  been  decomposed,  and  are  therefore 
regarded  as  simple  bodies.  Of  these  51  are  called  metals  and  13  non- 
metallic  elements.  French  chemists  do  not  draw  the  line  of  distinc- 
tion so  broadly,  since  several  of  the  non-metallics  possess  nearly  all 
the  characteristics  of  the  metals.  They  recognize  49  of  the  elements 
as  metals,  and  designate  the  remaining  15  as  metalloids.  The  objec- 
tion to  this  classification  is,  it  assumes  that  all  elements  which  are 
not  metals  are  like  metals.     Seven  of  these  metalloids  are    strongly 

*  This  explanation  was  not  so  distinctly  stated  in  the  paper.  —  E.  H. 

t  iJiaKrams  and  illustrations  in  this  paper,  entered  to  Act  of  Congress  in  the 
year  18tJ7,  by  S.  D.  Tii.lmav,  in  the  Clerk's  Office  of  tho  District  Court  of  the 
United  States  for  the  Southern  District  of  New  York. 
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electro-negative,  and  in  their  general  behavior  bear  no  resembtance  to 
metals. 

On  examining  the  non-metallic  elements,  it  will  be  found  most  con- 
venient to  classify  them  according  to  the  state  or  condition  which  they 
assume  when  isolated. 

Three  elements  are  remarkable  for  their  hardness  or  impenetrability, 
namely,  Carbon,  Boron,  and  Silicon.  They  are  denoted  by  a 
pyramid  in  the  centre  of  the  first  diagram. 

H  Y   D   P.    O   G  E   N. 


O 

l-H 


Silicoa. 


O 

X 

Q 


Fig.   1. 

The  three  boundaries  of  one  face  of  a  pyramid  will  respectively 
represent  these  three  elements.  Silicon  or  Silicium  fuses  at  about 
1,450°  Centigrade,  the  melting  point  of  steel.  Boron  is  reduced 
only  at  a  still  higher  heat.  Carbon,  when  perfectly  isolated  and 
surrounded  by  substances  with  which  it  has  no  affinity,  remains  solid 
and  infusible  under  the  highest  heat  thus  far  applied. 

As  the  antipodes  of  these  hard  elements,  we  have  three  gases,  which, 
under  the  greatest  degree  of  cold  and  of  pressure  yet  applied  to  them, 
have  not  been  reduced  to  the  solid  or  even  to  the  liquid  state.  They 
are  Oxygen,  Nitrogen,  and  Hydrogen. 
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The  three  lines  in  Fig.  1,  furthest  from  the  centre,  represent  these 
attenuated  elements.  To  the  class  of  simple  gases  also  belong  Fluo- 
RixE  and  Chlorine  which  are  represented  by  the  lower  lines  in  Fig.  2. 
Thus  the  five  gases  are  designated  by  the  five  boundary  lines  of  the 


A 


diagram.  Fluorine  is  the  only  element  which  has  not  been .  obtained 
in  a  separate  state ;  nevertheless,  considerations,  which  need  not  here  be 
presented,  justify  the  assumption  that  Fluorine,  when  isolated,  is  a 
colorless  gas. 

Chlorine  is  a  transparent  greenish  yellow  gas   at  ordinary  tem- 
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peratures.  Wlien  subjected  to  a  pressure  of  about  60  lbs.  to  the  square 
incli,  it  becomes  a  yellow  liquid ;  yet,  when  cooled  to  140''  C,  it  still  re- 
mains unfrozen. 

Between  the  three  hard  elements  and  the  five  gases,  are  found  five 


Fig.  3..  •  . 

non-metallic  elements  which  readily  pass  from  tne  solid  to  the  gaseous 
state  on  being  heated,  viz..  Bromine,  Iodine,  Sulphur,  Selenium,  and 
Phosphorus.  If  the  French  view  is  adopted,  we  must  include  as  met- 
alloids Arsenic  and  Tellurium.  These  seven  elements  are  shown  in  Fig. 
3,  which  is  so  arranged  as  to  represent  the  solid  state  of  the  element 
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by  a  thick  line  nearest  the  centre,  then  the  li(|ui(l,  and  lastly,  the  state 
of  vapor  near  the  outside  of  the  diagram. 

It  will  be  observed  that  Bromine  is  not  represented  by  a  thick  line? 
because  at  ordinary  temperatures  it  is  a  liquid.  Bromine  becomes  a 
solid  at  12°.5  C,  and  boils  at  63°  C. 

Iodine  melts  at  107°  C,  and  changes  into  a  splendid  blue  vapor  at 
175°  C. 

Sulphur  melts  at  115  C,  and  becomes  a  deep  yellow  vapor  at 
440°  C.  Sulphur  has  several  modifications  of  form,  or  different  allo- 
tropic  states,  in  each  of  which  it  is  differently  aftected  by  heat. 

SEiiENiuM  melts  at  a  little  over  100°  C.  In  the  crystalline  form  it 
softens  at  217°  C,  and  does  not  become  completely  fluid  until  above 
250°  C.     Heated  in  a  close  vessel,  it  boils  at  a  little  above  red  heat. 

Tellurium,  which  has  the  appearance  of  a  metal,  fuses  a  little  below 
480°  C,  and  at  a  high  temperature  becomes  vapor. 

Arsexic  is  not  known  in  a  liquid  state.  At  180°  C,  it  begins  to 
volatilize  without  fusing.  This  peculiarity  is  represented  by  a  thick 
line  extending  from  the  centre  to  the  point,  where  it  is  shown  as  a 
vapor.  This  element,  as  well  as  Tellurium,  I  prefer  to  class  among 
the  metals. 

Phosphorus  melts  at  45°,  and  boils  at  about  299°  C. 

The  metals  are%olid  at  ordinary  temperatures,  with  the  exception  of 
Mercury,  a  fluid  which  freezes  at  39°  C,  and  becomes  a  colorless 
vapor  at  about  360°  C.  A  large  majority  of  the  metals  melt  at  a  high 
temperature ;  yet  several  of  the  light  metals,  of  the  alkaline  class, 
become  fluid  a  little  below  the  boiling  point  of  water. 

The  fifty-one  metals  —  including  Arsenic  and  Tellurium  —  are  repre- 
sented by  the  radial  lines  in  Fig.  4;  the  shaded  line  projecting  down- 
ward from  the  centre  denotes  the  fluid,  Mercury. 

This  diagravi  includes  all  the  knoivn  elements.  It  is  arranged  so 
as  to  show  with  clearness  their  classification  as  fifty-one  metals  and 
thirteen  non-metaUic  bodies,  also  their  consistencies  w'^""  i"  n.  senarate 
state  at  ordinary  temperatures,  thus  embracing 

5  Gases. 
2  Liquids. 
57  Solids.  Total,  ©4. 

The  gaseous  elements  are  again  represented  by  Fig.  5. 

Hydrogen,  the  lightest,  is  placed  at  the  to[) ;   Fluorine  and  Ciilurijie, 
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the  heaviest  two,  at  the  bottom ;  Oxygen  and  Nitrogen  have  an  inter- 
mediate position  on  the  sides.  Equal  parallelograms,  projecting  from 
the  sides  of  the  figure,  represent  equal  measures  or  volumes  of  each 
gas  at  the  same  temperature  and  pressure ;  and  the  wide  mark,  or  bar. 


Fig.  4. 


within  each  parallelogram,  shows  its  relative  density  or  specific  grav- 
ity. Assuming  that  one  volume  of  Hydrogen  weighs  1,  then  one  vol- 
ume of  Nitrogen  will  weigh  14 ;  one  of  Oxygen,  16 ;  one  of  Fluorine, 
19;  one  of  Chlorine,  35.5.     As  these  gases  unite  in  equal  volumes,  or 
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multiples  of  equal  volumes,  in  forming  chemical  compounds,  the  small- 
est portion  which  can  enter  into  combination  may  be  distinguished  as 
an  atom,  therefore  the  bars  designating  the  density  of  the  gases  may 


Hydrogen. 


Nitrogen. 


Wt.  of  1 
vol.  =  li. 


Chlorine. 


Weight  of  1  vol. 


Oxygen 


Wt.   of 
vol.=l(i. 


Fluorine 


Fig.  5. 

be  taken  as  the  relative  weight  of  atoms  which  are  supposed  to  be  of 
equal  size.     The  conception  of  an  atom  must  not  be  limited  by  size 
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and  weight.  It  is,  in  fact,  a  source  of  force.  Several  years  ago,  I 
advanced  tlie  hypotliesis  that  the  ultimate  atom  is  a  hollow  sphere, 
containing,  and  surrounded  by,  the  imponderable  ethereal  element,  and 
incessantly  moving  to  a<id  from  its  own  centre.  Whatever  may  be  its 
condition  in  chemical  combination,  it  assumes  its  original  form  and 
motion  on  being  releas'ed  and  isolated. 

The  arrangement  of  the  elementary  gases  in  Figs.  2,  3,  and  4  has 
another  important  signification.  Oxj^gen  unites  with  all  other  ele- 
ments except  fluorine,  and  is  electro-negative.  From  the  position  of 
Oxygen  passing  around  the  -diagram  downward  and  then  upward,  we 
find  these  gases  in  the  order  determined  by  electrolysis,  —  Hydrogen 
being  electro-positive  to  the  other  four. 

The  non-metallic  elements,  or  metalloids,  belonging  to  the  same 
family  are  placed,  as  shown  in  Fig.  3,  in  close  proximity,  so  that  their 
atom-holding,  or  saturating  power,  in  chemical  combination,  may  be 
clearly  understood.  Hydrogen,  Fluorine,  Chlorine,  Bromine,  and 
Iodine,  having  the  lowest  atom-holding  power,  are  monatomic,  or  mon- 
ads. Oxygen,  Sulphur,  Selenium  (also  Tellurium),  are  diatomic,  or 
dyads.  ISTitrogen,  Phosphorus,  Boron  (also  Arsenic),  are  triatomic,  or 
triads.     Carbon  and  Silicon  are  tetratomic,  or  tetrads. 

The  chemical  combination  of  two  gaseous  elements  and  the  resulting 
volume  are  also  illustrated  by  a  series  of  diagrams.  It  is  supposed 
that  not  less  than  two  atoms  of  each  element  enter  into  combination  ; 
however,  the  process  is  rendered  more  intelligible  by  representing  the 
union  of  single  volumes.     Fig.  6  shows  the  combination  of  a  volume 

of  Hydi'ogen  with  one  of  Chlorine, 

/ 7    which,  under  the  influence  of  light, 

unite  without  condensation,  and 
form  two  volumes  of  hydrochloric 
acid  gas. 

Although  the  resulting  product 

of  the  union  of  these  gases  is  not 

diminished   in    bulk,  yet,    at  the 

2  vol's.  2  vol's.  instant  each  electro-positive  atom 

Fig.  6.  seeks  an  electro-negative,  there  is 

expansion.     This   process    of  the 

mating  of  atoms  produces  explosion. 

Fig.  7  represents  two  volumes  of  Hydrogen  and  one  of  Oxygen, 
entering  into  combination  and  forming  steam,  which   is  condensed  to 


/ 

/ 
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Ilvdro- 


Hj'droi^en 


Oxj-o-cn. 


o  vol's. 


Fig.  1. 


two  volumes,  or  two  thirds  of  the   original  hulk  of  these  gases  in  a 
separate  state. 

Below  100°  C  the  steam 
is  condensed  to  nearly  one 
seventeen  hundredth  of  its 
volume.  As  one  cubic  foot 
contains  1,728  cubic  inches, 
we  may  say  that  two  cubic 
feet  of  Hydrogen  and  one 
cubic  foot  of  Oxygen  com- 
bine and  form  two  cubic  feet 
of  Steam,  which  may  be  con- 
densed to  about  two  cubic 
inches  of  Water. 

Fig.  8  represents  three  volumes  of  Hydrogen  combining  indirect- 
ly with  one  of  Nitrogen,  and  forming  two  volumes  of  ammonia. 
TJius  four^ volumes  are  condensed  to  two,  the  resulting  product  being 
one  half  of  the  bulk  of  the  com- 
bined gases.  To  express  this  com- 
bination in  accordance  with  the 
new  atomic  theory,  we  should  say 
three  atoms  of  Hydrogen  and  one 
atom  of  Nitrogen  combine  to  form 
an  atomoid  .of  ammonia.  By  using 
portions  of  the  principal  diagram 
on  a  much  reduced  scale,  many 
of  the  n^ost  important  chemical 
combinations  of  the  non-metallic 
elements  may  be  represented,  and 
to  each  may  be  added  the  name 
designating  its  ultimate  constitu- 
ents.   According  to  the  new  chemi- 


/ 

/ 

Hydrogen 

M 

Hydrogen 

Hydrogen 

Nitrogen. 

/ 

4  vol's. 


vol's 


Fig  8. 


cal  nomenclature,  J'luorine,  Chlorine,  Bromine,  and  Iodine,  forming  the 
family  of  halogens,  are  represented  by  the  four  sides  of  the  annexed 


fi<rure 


O 


One  atom  of  Fluorine  being  a/;  one  of  Chlorine,  ad;  one  of  Bromine, 
alj;  one  of  Iodine  a»  ;  and  one  of  Hj'drogen,  al.     I  designate  the  acids 
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formed  by  the  combination  of  the  several  halogens  with  Hydrogen  as 
follows  (tlie  prefix  g  denotes  the  gaseous  state) : 

n 

Hydrofluonic  acid,  H  F.       \/\\  olaf. 
Hydrochloric  acid,  H  CI.     \/\\  g<J^lcbd. 
Hydrobromic  acid,  H  Br.      ^^    galah. 

Hydriodic  acid,  H  I.  I  >vl  galav. 

Carbon  combines  in  such  a  variety  of  proportions  with  Hydrogen, 
Nitrogen,  and  Oxygen,  and  in  many  cases  assuming  with  them  the 
gaseous  state,  I  represent  it  by  a  line  connecting  the  lower  ends  of  the 
lines  denoting   Nitrogen  and  Oxygen    in    Fig.  1.     Contracting  the 


whole,  an  atom  of  Carbon  is  shown  by  the  following  symbol. 


D 


The  four  thick  sides  of  this  figure,  thus  I.       L  represent  the  four 

GRAND  ORGANIC  ELEMENTS.  Projections  from  each  side  will  denote 
the  number  of  atoms  of  each  element  in  the  symbolized  chemical 
body.  The  following  are  symbols  of  some  of  the  most  common  and 
important  compounds  of  the  non-metallic  class. 

Water  HgO  L    elat;  (steam)  gelat. 

Oxygenated  water  H^  0^  f  cht  or  elt. 


Carbonic  oxide  gas  CO.  I"  garat  or  gart, 


»rj 
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Carbonic  acid  (ras  C 


Ammonia  Hg  N 


Nitric  acid  UNO. 


garet. 


Prussic  acid  11  C  N 


gilaii. 


alaiiit. 


(I  lam. 


The  large  class  of  hj'drocarbons  are  represented  by  various  projections 
[ ;  for  instance,  Marsh  gas,  or  light  carbu- 


on  the  following  figure 


retted  Hydrogen  C  H ' 


a 


garol.     Similar   contractions  of  that 


portion    of  the  main  diagram,  representing  all   the    metals,   may  be 
used,  thus. 


The  five  metals  of   the    alkalies  —  viz..  Lithium,   Sodium,    Potas- 
sium, Rubidium,  and    Ccesium  —  are  designated  by  a  star  with    fi.ve 


^ 


points 

The  ipMv  metals  of  the  alkaline  earth,  —  viz.,  Barium,  Strontium,  Cal- 
cium, and  INIagnesium,  —  by  a  star  with  four  points    H^< 

The  consideration  of  metals  and  metallic  compounds  would  open  too 
wide  a  field  for  the  present  discussion. 

Having  treated  of  true  chemical  combination  and  symbolized  Water 
and  Carbonic  Acid,  we  are  prepared  to  speak  of  the  mixture  of  gases  by 
virtue  of  the  law  of  diffusion.  The  following  figure  will  convey  some 
idea  of  the  proportion  of  gases  found  in  common  Air,  nearly  four  fifths 
of  which    is    Nitrogen,  and   a  little  more  than   one   fifth,   Oxygen. 
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There  are  traces  of  Ammonia,  Carburetted  H^'drogen,  and  Nitric- 
Acid  in  Air,  wliicli  are  not  represented  in  this  figure.     Ten  tliousand 

parts  of  common  Air  contain  from  three 
to  six  parts  of  Carbonic  Acid.  The 
proportion  of  Water  in  the  atmosphere 
varies  with  its  temperature.  Every 
15"  C  of  additional  heat  in  Air  doubles 
its  capacity  for  holding  vapor. 

The  diagrams  now  presented  to  the 
Association  are  intended  to  impress  i;p- 
on  the  mind  of  tlie  student  the  leading 
characteristics  of  the  non-metallic  ele- 
ments. A  strong  conviction  that  Chem- 
istry is  second  to  no  other  science  in 
importance  has  impelled  me  to  devise 
a  method  for  its  more  general  acqui- 
sition. If  the  symbols  were  firmly  fixed 
in  the  memorj?^,  like  the  alphabet,  or  numerical  figures,  the  labor  of 
subsequent  combination  would  be  comparatively  light.  A  ground- 
work, like  this,  thoroughly  laid,  will  enable  a  student  to  efect  in  his 
own  mind  a  permanent  superstructure.  Thus  prepared,  he  will  quickly 
catch  the  significance  of  every  chemical  compound  and  more  readily 
apply  the  fundamental  principles  of  the  science  to  the  experimental 
work  of  the  laboratory. 


Nitrogen. 

O 

Oxygen. 

Nitrogen. 

0 

Common  air. 

Fig.  9. 


4.    A  New   Chemical   Nomenclature.*     By  S.  1).  Tillman,   of 

New  York,  N.  Y. 

The  present  seems  very  opportune  for  the  introduction  of  a  Nomen- 
clature which  will  more  completely  methodize  the  Science  of  Chemistry. 
By  such  aid,  students,  who  formerly  deserted  the  study  because  they 
found  themselves  gradually  sinking  into  a  quagmire  of  incongruous 
names,  may  advance  on  firm  ground,  and  view  with  satisfaction  and 
profit  the  fair  fields  opened  on  every  side  by  the  distinguished  chemists 
of  our  own  time.     The  old  nomenclature,  based  on  the  joint  production 


*  Read  at  the  meeting  of  the  American  Association  for  the  Advancement  of 
Science,  held  in  the  City  of  BuflFalo,  August,  1866. 
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of  De  Morveau,  Lavoisier,  Bertliollet,  and  Fourcroy,  published  in  1787, 
has  been  frequently  amended  and  enlarged ;  yet,  to  preserv^e  the  con- 
nection and  consistency  of  the  whole,  names  and  classifications  were 
retained  long  after  they  had  lost  their  ori"ginal  significance.  Even  the 
broad  line  of  distinction  between  acids  and  salts  (made  when  oxygon 
acids  and  neutral  salts  only  were  known)  gradually  diminished  with 
the  successive  discoveries  of  acid  salts  and  the  promulgation  of  new 
views  by  Davy  and  Duloijg,  until  it  is  now  no  longer  recognized  by 
those  who  regard  the  whole  class  of  hydracids  as  true  salts.  A  fatal 
error  was  committed  at  the  outset,  in  attempting  to  define  the  acids 
containing  most  and  least  oxygen,  by  adopting  as  terminals  (rendered 
into  English)  ic  and  otis,  and  the  corresponding  terminals  ate  and  ite 
for  salts.  Subsequent  discoveries  of  higher  and  lower  oxides  involved 
the  necessity  of  using,  as  prefixes  to  the  words  in  general  use,  the 
terms  hyper  or  -per  and  hypo.  Still  these  amendments  have  not  obvi- 
ated the  difficulty,  as  will  be  seen  by  reference  to  the  combinations  of 
oxygen  with  sulphur.  This  conflict  of  terms  was  not,  ho\vever,  the 
greatest  evil.  The  ic  and  ous  terminals  are  worse  than  useless  for 
expressing  the  degrees  of  oxidation,  because  the  same  terminal  has  a 
dift'erent  signification  in  almost  every  series  of  oxides.  Similar  objec- 
tion may  be  made  to  the  use  of  the  terminal  a  in  the  names  of  oxides  ; 
for  example,  Soda,  now  ^Na^O ;  Magnesia,  M»'0  ;  Alumina,  Al.,03  ; 
and  Silica,  formerly  SiOg,  by  many  now  written  SiOg^  Early  in  the 
present  century,  the  words  protoxide,  deutoxide,  etc.,  were  used  to  dis- 
tinguish the  several  degrees  of  oxidation  having  the  simple  ratio  of 
combining  proportions,  i.  e.,  1:  2,  1 :  3,  1 :' 4.  j^o  more  complex 
ratios  than  2  :  3  were  provided  for.  Many  of  these,  and  similar  names 
applied  to  electro-negative  elements,  are  often  misused  by  distinguished 
authors  who  have  adopted  the  atomic  notation ;  for  instance,  sesqal  to 
designate  the  combination  of  six  atoms  of  a  halogen  with  two  atoms  of 
carbon,  or  two  of  a  biatomic  metal. 

The  comparatively  recent  discovery  of  a  great  number  of  organic 
compounds,  so  called,  required  tlie  coinage  of  many  new  names  to 
designate  radicals.  Simultaneously  the  attempt  was  first  made  by 
German  chemists  to  state  definitely  by  prefixes  the  number  of  ''(Mjuiv- 
alents  "  of  each  element  in  combination,  which  has  resulted  in  the  for- 
mation of  names  of  a  frightful  length,  scarcely  pronounceable  and  sel- 
dom remembered.  A  complete  catalogue  of  the  cliemical  bodit's  now 
known  would  embrace  several  thousand  Terms.     The  novice,  misled  at 
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first  by  common  and  commercial  names,  like  "  milk  of  lime,"  "  sugar 
of  lead,"  "  cream  of  tartar,"  "  oil  of  vitriol,"  and  "  butter  of  antimony," 
but  wlio  had  advanced  far  enough  to  find  no  sulphur  in  sulphuric  ether, 
no  copper  in  copperas,  no  lead  in  black  lead,  no  soda  in  soda  water, 
and  to  be  assured  that  "  Dutch  liquid  "  is  not  imported  from  Holland, 
might  look  with  interest  and  wonder  on  the  accumulated  names 
approved  by  the  highest  authorities,  and  inquire  whether  this  magnifi- 
cent patchwork  could  be  of  much  service  as  a  chemical  chart.  To  a 
negative  reply,  should  be  added,  "  Yet  a  substitute  for  the  whole  has 
been  provided  by  the  Notation." 

The  introduction  of  chemical  symbols  by  Berzelius  marks  an  era  of 
progress  quite  as  plainly  as  the  first  employment  of  Arabic  signs  and 
numerals  in  the  mathematics. .  The  notation  is  now  frequently  em- 
ployed to  the  exclusion  of  chemical  names,  in  oral  as  well  as  written 
communications.  Its  general  adoption  forty  years  ago,  with  the  atomic 
signification  originally  attached  to  it  by  Berzelius,  would  have  pre- 
vented the  confusion  of  terms  and  signs  now  consequent  upon  the 
conformation  of  the  atomic  volume  of  gaseous  elements  to  the  one 
standard.  Berzelius  barred  certain  letters,  to  signify  that  one  half  the 
combining  weight  was  the  atomic  weight ;  in  other  words,  that  the 
so-called  "  equivalent "  contained  two  atoms.  Gerhardt,  on  the  other 
hand,  used  the  same  mark  to  denote  that  the  combining  weight  must 
be  doubled  to  express  the  atomic  weight.  Miller,  in  the  third  edition 
of  his  "Elements  of  Chemistry,"  designates  the  old  notation  in  the 
usual  way,  and  the  new  notation  by  italic  capitals  ;  while  Watts,  in  his 
"  Dictionary  of  Chemistry,"  still  in  process  of  publication,  just  reverses 
Miller's  arrangement. 

The  following  symbols,  representing  a  molecule  of  water  according 
to  three  dift'erent  views,  will  explain  what  induced  Berzelius,  who 
measured  volume  and  atomic  weight  on  tlie  oxygen  scale,  to  halve  the 
syml)ols  representing  the  combining  proportion  of  hydrogen  ;  and  why 
Gerhardt,  who  simplified  measurements  by  making  the  hydrogen  atom 
the  unit  of  weight  and  bulk,  was  led  to  double  the  value  of  the  symbol 
for  oxygen,  without  knowing  to  how  many  other  symbols  the  doubling 
process  would  finally  be  applied. 

Dalton.  Berzelius.  Gerhardt. 

(2  vol.)  H  O  (I  vol.)  \  ;:«[;  «  }  0  1  vol.  j  ;°{;  }  g  0  1  vol.  =  H2  0=^ 

1  +  8  =  9.  .5  +  .5  +  8  =  9.  1  +  1  +  16  =  18. 
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No  inconsistency  arises  in  tlie  interpretation  of  these  symbols ;  and 
altliougli  grave  objections  have  been  made  by  Herschel  and  Odling  to 
the  mingling  of  mathematical  and  chemical  signs  in  chemical  equa- 
tions, it  must  be  admitted  that  the  symbol  ©f  a  compound  universally 
denotes  the  real  body,  which  may  be  clothed  with  synonymes  more  or 
less  expanded  to  suit  the  peculiar  views  of  different  schools. 

Quite  a  serious  derangement  of  the  nomenclature  has  followed  the 
introduction  of  the  atomic  notation.  A  majority  of  the  old  names  have  . 
thus  become  inappropriate  ;  and,  chiefly  for  this  reason,  many  well- 
known  European  chemists,  and  nearly  all  American  chemists,  still 
prefer  to  use  the  old  system  expressing  combining  proportions.  No 
sweeping  innovation  which  changes  or  perverts  the  meaning  of  old 
terms,  rendering  old  and  familiar  works  on  chemistry  comparatively 
worthless,  and  which  tends  to  eradicate  fundamental  ideas,  will  be 
accepted  by  the  present  generation.  How  -utterly  futile  would  be  the 
unanimous  resolve  of  a  World's  Convention  to  change  the  value  of  our 
common  numerals  so  as  to  represent  ^  unit  by  the  figure  2.  Yet  if 
they  should  propose  to  leave  the  old 'signs  undisturbed,  and  to  use  new 
characters  having  the  same  numerical  value  with  other  important  sig- 
nifications, the  project  could,  perhaps,  be  carried  into  practical  opera- 
tion. Thus  in  any  science  it  will  be  found  most  feasible  to  designate 
new  views,  or  new  structures,  by  new  and  appropriate  names.  This 
subject  has  commanded  the  attention  of  all  advanced  chemists.  At 
the  meetings  of  the  London  Chemical  Society,  the  question  has  been 
discussed  by  Graham,  Williamson,  Miller,  Brodie,  Frankland,  Odling, 
Hoffman,  and  other  distinguished  members.  Gmelin's  names,  as 
modified  by  Watts  and  his  compeers,  seem  to  be  received  with  most 
favor.  Williamson,  Foster,  and  Williams  have  suggested  valuable 
alterations.  One  would,  however,  be  safe  in  predicting  that,  while  the 
icand  ous  system  predominates,  the  root  of  the  perplexity  will  not  be 
reached. 

The  nomenclature  now  presented  is  the  result  of  an  attempt  to  obvi- 
ate the  continual  embarrassment  attending  the  jirosecution  of  chemical 
studies.  Failing  to  remember  the  exact  composition  of  certain  com- 
pounds, the  writer  resorted  to  mnemonical  methods ;  and,  after 
repeated  trials,  devised,  in  the  year  1845,  a  system  of  words,  generally 
unlike  any  found  in  dictionaries,  wliicli,  with  certain  modifications,  he 
has  constantly  employed  since  that  time.  It  was  originally  adapted  to 
the  old  classification  of  acids,  basis,  and  salts,  but  was  so  arranged  as 
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to  be  most  conveniently  used  in  defining  combinations  of  hydrogen,  or 
a  metal  with  a  radical,  according  to  the  binary  system.  It  was  also 
early  emploj^ed  in  exj)laining  the  now  discarded  Nucleus  theory,  as 
advocated  by  Loewig  in  1651. 

Although  the  importance  of  the  Typical  system  of  classification  was 
clearly  set  forth  by  Hunt  in  1848  (Amer.  Journ.  Science,  V.  265 ;  VI. 
173),  not  until  after  memorable  experiments  and  discoveries  by 
European  cherhists  had  demonstrated  its  great  value,  was  the  decision 
made  to  modify  this  nomenclature  so  as  to  be  used  with  facility  in 
expressing  the  new  views.  In  attempting  to  take  this  step,  however, 
another  serious  obstacle  was  encountered  in  the  diversity  of  opinion 
regarding  atomic  weights.  Kopp  and  Regnault  had  thrown  new  light 
on  the  subject;  yet  chemists  of  the  Unitary  school  still  agreed  with 
the  views  originally  advanced  by  Gerhardt,  and  recognized  many 
metals,  besides  silver-  and  those  of  the  alkaline  class,  as  monatomic.  In 
18G1,  however,  Gibbs  made  it  manifest  tliat  if  the  atomic  weights  of 
carbon,  oxygen,  and  sulphur  be  taken  respectively  at  12,  16,  and  32, 
the  received  numbers  of,  at  least,  fifty  elements  must  be  doubled  (Amer. 
Journ.  Science,  XXXI.  246).  More  recently,  j)rompted  by  Canizzaro, 
the  .disciples  of  Gerhardt  have  almost  unanimously  renounced  such 
opinions  on  comparative  atomic  weights  as  are  at  variance  with  those 
of  Berzelius. 

The  meaning  of  the  new  notation  having  thus  been  definitely  fixed, 
while  the  nomenclature  may  be  said  to  be  still  in  the  transition  state, 
an  atomic  system  of  names,  intended  to  supply  the  place  both  of  the 
notation  and  the  old  nomenclature,  is  submitted  for  candid  and  critical 
examination.  A  leading  consideration  has  been  to  produce  a  system 
which  will  assist  the  student  in  acquiring  and  retaining  a  knowledge 
of  fundamental  laws  ;  also  to  provide  such  brief  technical  terms  as  will 
enable  chemists  generally  to  express  their  views  with  more  concise- 
ness. 

Doubtless  the  most  rapid  advance  has  been  made  by  students  who 
have  daily  witnessed  the  operations  of.  the  laboratory.  I^o  oral  de- 
scription of  chemical  experiments  could  make  so  deep  and  permanent 
an  impression.  This  principle  of  retention  was  well  appreciated  and 
expressed  by  Horace  :  — 

"  Segnixis  irritant  animns  demissa  per  aiu'cm, 
Quam  qiuc  sunt  oculis  subjectii  fidelibus." 
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Next  in  importance  to  experimental  linowleJge  must  he  ranked  a 
S3'stem  of  words  and  s^^nibols  which  will  convey,  at  sight,  by  means  of 
their  combinations,  a  clear  idea  of  the  union  of  the  elements,  without 
demoting,  in  every  instance,  by  rational  formulae,  the  manner  of  such 
union.  The  ear,  also,  should  be  brought  into  service  in  such  a  system, 
b}-  making  the  very  sound  of  the  symbols  so  excite  the  povi^er  of  asso- 
ciation as  to  bring  before  "  the  mind's  eye  "  the  whole  ^eries  of  simi- 
lar and  nearly  related  compounds.  To  accomplish  these  objects,  it  was 
necessary  to  construct  an  entirely  new  scheme,  b}'  providing  for  every 
well-investigated  chemical  body  a  name  which  should  at  once  desig- 
nate the  kind  and  number  of  atoms  composing  it,  and  to  a  certain 
extent  its  typical  and  functional  characteristics.  This  work  was 
accomplished  in  a  true  conservative  spirit,  by  building  the  new  struc- 
ture from  old  materials  and  upon  a  foundation  which  is  the  result  of 
the  combined  labors  of  those  truly  great  men  who  have  devoted  their 
lives  to  the  advancement  of  chemical  science. 

The  method  of  construction  will  be  briefly  explained  under  the  fol- 
lowing heads : — 

1.  The  system  is  based  on  abbreviations  of  the  universally  received 
names  of  the  metals,  and  on  the  chemical  symbols  of  the  metalloids,*  or 
non-metallic  elements,  with  such  modifications  as  were  imperatively 
required. 

2.  The  name  of  each  chemical  element  relates,  not  to  its  mass,  but 
only  to  a  minimum  combining  proportion  termed  an  atom,  or  to  some 
multij^le  of  it.  The  atom  is,  therefore,  the  unit  of  measurement,  and 
the  starting-point  of  the  scale  in  each  series  of  compounds. 

3.  The  atomic  name  of  each  metal  consists  of  two  syllables,  and  ends 
with  the  consonant  m. 

4.  The  name  of  each  of  the  thirteen  metalloids  terminates  with  a 
different  consonant.  Arsenic  and  tellurium,  classed  by  French  chem- 
ists among  the  metalloids,  have,  in  this  arrangement,  the  terminal  let- 
ter common  to  the  metals. 

5.  The  number  of  atoms  of  any  element  is  designated  by  the  vowel 
immediately  preceding  its  terminal  consonant.  The  numerical  power 
of  the  vowels  advances  with  the  order  in  which  they  are  placed  in  the 
alphabet.  One,  two,  three,  four,  and_/iye  are  respectively  expressed  by 
a,  e,  i,  0,  and  u,  having  the  short  or  stopped  sound  as  heard  in  hat,  het, 
hit,  hot,  hut ;  and  six,  seven,  eight,  nine,  and  ten  by  the  same  vowels 
having  a  long  or  full  sound.     In  foreign  languages,  it  may  be  best  to 
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designate  the  long  sound  by  a  sign  placed  over  the  vowel;  but  in  our 
language  it  is  found  by  experience  more  convenient  to  place  e  before 
each  of  the  vowels,  which  invariably  indicates  their  long  or  full  sound, 
as  heard  in  the  words  great,  greet,  sleight,  yeoman,  euphony.  These  ten 
distinctive  sounds  may  be  illustrated  by  a  single  example.  From  one 
to  ten  atoms  of  iron,  inclusive,  have  the  following  names  :  — 
Fe,  Ferram ;  Fe,^  Ferrem ;  Fe.,  Ferrim ;  Fe.,  Ferrom ;  Fe.,  Ferrum ;  Fe„,  Ferream  ; 
Fe..,  Ferreem. ;  Fe^,  Ferreini ;  Fe^,  Ferreom  ;  Fe.^.,  Ferreum. 

The  proper  diphthongs  are  sometimes  used  for  the  even  numbers  be- 
tween 10  and  20.  These  will  be  remembered  from  the  fact  that  their 
value  is  the  sum  of  their  vowel-values,  either  short  or  long  :  thus,  oi  is 
12=9  +  3;  ou  is  14  =  9  +  5;  au  is  16  =  6  +  10;  oo  is  18  =  9  + 
9.  The  consonant  y  is  10,  and  used  only  in  connection  with  vowels, 
which  will  express  all  the  numbers  to  and  including  20  ;  w  is  20,  and, 
with  the  usual  appendage,  will  express  the  numbers  to  and  including 
30.  X  is  also  used,  and  when  preceded  by  a  vowel,  which  thus  has  the 
power  of  an  exponent,  will  express  a  progression  by  tens  to  one  hun- 
dred ;  thus,  10,  ax  ;  20,  ex  ;  30,  ix  ;  40,  ox  ;  50,  ux  ;  60,  eax  ;  70, 
eex  ;  80,  eix  ;  90,  eox  ;  100,  eux.  In  the  same  manner,  these  vowels 
preceding  qu  express  the  hundreds  to  and  including  one  thousand,  and 
the  intermediate  numbers  are  represented  by  suffixing  some  of  the 
characters  previously  explained. 

Very  few  chemical  compounds,  now  known,  have  a  composition  rep- 
resented by  atomic  numbers  higher  than  one  hundred.  A  large  ma- 
jority of  the  bodies  of  known  composition  do  not  require  numbers  as 
high  as  ten.  The  following  selections  will  show  more  clearly  the 
numerical  value  of  each  letter,  and  the  extent  to  which  this  numera- 
tive  system  may  be  carried. 


a,\ 

ea,    6 

aa,  11 

y,    10 

IV,     20 

ax,      10 

aqu. 

100 

e,  2 

ee,    7 

oi,  12 

ya,    11 

ivi,    23 

ex,      20 

equ. 

200 

i,Z 

ei,    8 

ou,  14 

yi,    13 

luee,  27 

ix,      30 

eiqu. 

800 

0,4 

eo,    9 

att,  16 

yeo,  19 

weo,  29 

eix,     80 

eoquix. 

930 

w,  5 

eu,  10 

00,18 

ym,  20 

weu,  30 

eux,  100 

euqueix, 

1080 

6.  .The  following  metalloids    have  names   terminating  with 
well-known  symbolic  letters :  one  atom  of  each  is  here  denoted. 


Fluorine, 
Nitrogen, 
Carbon, 


fluraf  or  af; 
nitran  or  an ; 
carbac  or  ac ; 


Bromine,  bromah  or  ab ; 
Phosphorus,  phosap  or  ap ; 
Sulphur,  sulphas  or  as. 


their 


In  a  few  instances  where  the  symbolic  letter  could  not  be  used,  the- 
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terminal  letter  adopted  may  be  associated  with  some  prominent  cluir- 
acteristic  of  the  element.  Thus  I  represents  the  lightest  of  substances,  . 
an  atom  of  hydrogen  is  hydml  ov  al ;  d  represents  the  densest  of  the 
gaseous  elements,  an  atom  of  chlorine  is  clilorad  or  ad;  v  represents 
a  volatih'  producing  a  violet  vapor,  one  atom  of  iodine  is  idav  or  av. 
The  atom  pdr  excvllence  is  at :  oxygen,  exceeding  in  quantity  all  other 
elements  of  the  earth's  crust,  has  for  the  name  of  a  single  atom  oxat 
or  at.  An  atom  of  selenium  is  sclaz  or  az :  it  bears  a  strong  resem- 
blance in  its  reactions  to  as.  Boron  and  silicon,  or  silicium,  like  car- 
bon, are  permanent  solids  when  isolated ;  their  terminals  may  be 
remembered  by  the  association  of  _/  and  k  in  the  alphabet;  an  atom  of 
boron  is  boraj,  or  aj,  an  atom  of  silicon  is  silak  or  ak. 

The  compounds  of  carbon  and  hydrogen  are  so  numerous  that  it  has 
been  found  essential  to  provide  an  additional  character  to  represent 
each.  The  letter  r  may  be  associated  with  the  radiating  and  refracting 
power  of  carbon ;  and  carhar,  or  ar,  as  well  as  ac,  will  represent  an 
atom  of  carbon.  As  ac  might  be  mistaken  for  ak,  in  radical  compounds, 
the  carbon  component  is  denoted  generally  by  r. 

The  only  case  in  which  it  has  been  found  advantageous  to  use  one 
letter  to  designate  two  atoms  is  that  of  h  for  two  atoms  of  hydrogen 
or  hydrel,  thus  preserving  the  ratio  of  the  old  combining  numbers^ 
CgH.^Og  being  cht.  It  will  be  noted  that  ach  corresponds  with  G^ 
Hj  in  the  old  notation,  and  with  CHg  in  the  new  :  it  is  the  key  to 
a  series  of  radicals,  i.  e.,  methyl,  CH3  is  achal ;  ethyl,  CjH,  erhal. 

7.  Metalloid  terminal  syllables  express  as  much  as  the  full  name, 
and  are  used  as  suffixes  to  names  of  metallic  atoms  to  denote  a  metallic 
compound ;  for  example,  the  protoxide  of  iron  is  ferramat,  which  indi- 
cates very  clearly  that  one  atom  of  iron  is  united  with  one  atom  of 
oxygen.  A  combination  of  metalloid  syllables  represents  a  non- 
metallic  compound.  In  numerous  cases,  the  number  of  syllables  form- 
ing such  a  word  is  less  than  the  number  of  different  elements  in  the 
compound,  because  two  or  more  terminal  characters  may  be  united, 
and  the  vowel  or  diphthong  preceding  the  whole  will  be  applicable  to 
each  ;  for  ihstance,  elt  =  H.^Og  is  a  molecule  of  oxygenated  water,  or 
]iiTf>xide  of  hydrogen  ;  am  =  CN  is  an  atom  of  cyanogen,  and  ant  = 
]S'0  is  a  molecule  of  binoxido  of  nitrogen.  It  will  be  seen  presently 
that  the  names  of  salts  containing  one  atom  of  a  metal  are  .sometimes 
slightly  abbreviated  by  omitting  the  a  which   .should   preceile  rn  ;  also 

VOL.  xvr.  8 


58 


A.    AIATIIKMATICS,    PHYSICS.    AND    CUKMISXKY. 


that  m,  with  a  vowel  preceding  it,  is  ap[»lied  ti)  iiiiiltiples  of  any  radi- 
cal playing  the  part  of  a  metal. 

The  following  table  embraces  all  the  chemical  elements  known  with 
certainty,  and  their  atomic  numbers  corresponding  with  the  systems 
of  Berzelius  and  Gerhardt,  to  each  of  which  the  new  names  are 
equally  applicable.  The  highest  and  lowest  known  oxides  of  each  ele- 
ment are  also  added.  Names  included  in  brackets  are  h3'drates  con- 
taining three  elements.  In  twelve  cases,  where  the  same  metal  is 
known  by  two  names,  each  nanie  has  been  adapted  to  the  new  sj^stem  ; 
the  first  name  in  each  couplet  is  derived  from  that  recognized  by 
chemists  of  everv  nation. 


SY3IB0I>S, 

II 
N 
(t 

Si 
1? 

D 

s 

So 
F 
CI 
Br 
I 
MirrAi.s. 
Cs 
Kb 

{■'^ 

I   " 
L 
Ba 
Sr 
Ca 
Mjr 
A[ 
G 
Zr 
Th 
Yt 
E 
Tb 
Ce 
La 
Di 
Zn 
In 


At.  wt. 


8. 
(■>. 

•14. 
5.45 

ir).5 

IH. 
."'.».  7  3 

17.70 

40. 

08.5 

66.5 
42.5 
19.5 

11.5 

3.5 
68.5 
43.8' 
20. 
12.15 
13.7 

4.7 

44.76 

119. 

30.86 

56..30 

46. 

46.47 

48. 

32.75 

35.91 


At.  wt. 

Name  of 

Name  of  a 

1 
Name  of  lowest  jName  of  highest 

al.=l. 

one  atom. 

molecule  (2  at) 

oxiile. 

oxide. 

1. 

Hydral 

Hydrel 

H2O  Hi/drekit 

H-iOi  Hydrelt 

14. 

Nitran 

Nitren 

Nu  0  Nitrenat 

N^sOfi  ]Siirenut 

16. 

Oxat 

Oxet 

12. 

Carbac 

Carbec  ) 
Carber  \ 

C'arbar 

CO  Carhn-t 

CO,  rarbaret 

28. 

Silak 

Silek 

SO2  SdnLet 

lO.'.l 

P.oraj 

Borej 

Q.J^^  Borejit 

31. 

Phosap 

Fhosep 

PO  Phoxapt 

Vji-,  Phoxepnt 

32. 

Sulphas 

SiUphes 

SO2  Snli>hnset 

SO.'?  Stilp/iasit 

7'.t.5 

Selaz 

Selcz 

SeO-  S<'laztt 

(Alazot) 

19. 

Fliiraf 

Fluref 

35.46 

Clilorad 

Cidored 

CLO  Cklorrdat 

(Aladot) 

80. 

Broinab 

Bronieb 

(Alabit) 

127. 

Idav 

Idev 

HIO  (Alm-at) 

hOr  Ideveet 

133. 

Cffsam 

Coeseni 

CsiO  CaisemxU 

(  CtvsamaJt) 

85. 

Rubam 

Rubem 

Rubevmt. 

(Rnbamalt) 

39. 

Kalani,  or 

Kaiem 

Kalemnt 

(Kahimalt) 

" 

Potani 

Poteni 

Potfiinat 

(Potamalt) 

23. 

Natam,  or 

Natcni 

Natemat. 

(  Xatamalt ) 

" 

Sodam 

Sodem 

ISodemat 

(  Sodamalt ) 

7. 

Litham 

Litheni 

Lithemat 

(Lithamalt) 

1.37. 

Haram 

Barera 

BaO  Baramal 

Baramet 

87.6 

Stronam 

Stronem 

Stromuimt 

Stronamet 

40. 

Ca'.cam 

Calcem 

( 'tdcamat. 

24.3 

Masani 

Mafrem 

Mdiinmat 

27.4 

Alain 

A  Jem 

Aleinlt 

9.4 

Glucam 

Glucem 

Glucemit 

89.5 

Ziram 

Zirem 

Ziremit 

238. 

Thoram 

Thorem 

Thoramnt 

61.7 

Yttram 

Yttrem 

Yttramat 

112.6 

Erbam 

Erbem 

Erhamat 

Terbam 

Terbem 

Terbamat  1 

92. 

Ceram 

Cerem 

Ceramat 

Ceremet 

92.94 

Lanam 

Lanem 

Lanamat 

96. 

Didam 

Didem 

Didamnt 

62.5 

Zinam 

Zinem 

Zinnmat 

(Zhiamelt) 

71.82 

Indam 

Indera 

Indamnt 
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TABLE.  —  (Continued.) 


At.  wt. 

At.  wt. 

Name  of 

Name  of 

Name  of  lowest 

Name  of  high- 

Symbols. 

al.=  5. 

al.  =  1. 

one  atom. 

molecule  (2  at 

oxide. 

est  oxide. 

Cd 

56. 

112. 

Cadain 

Cadem 

Cadamat 

Co 

2y.50 

59. 

Cobam 

Cobem 

Cobanvit 

Cohcmit 

Isi 

2'J  87 

58.74 

Nikani 

Nikem 

jSikamat 

Nikem  it 

U 

(30. 

120. 

Uram 

Urein 

Uminat 

Urem  it 

\¥e 

28. 

56. 

Ferrani,  or 

Ferreni 

Fei-ramat 

Ferremit 

\  " 

" 

" 

Irani 

Ireni 

Tramat 

Iremit 

Cr 

20.27 

52.54 

Clirani 

Clirfiu 

(  Chrcnnalt) 

Chramit 

Mn 

27.50 

55. 

Manani 

.AhUHMll 

MdiKitiiaf 

Manamet 

\Sn 

5U. 

118. 

iStanain  or 

iStaiioni 

StaiKimiit 

,'<t(i!i<t)iifit 

)  " 

" 

" 

'riiKun 

TiiK'ni 

Tinanint 

y'iiuiiit'i 

Ti 

25 

50. 

Titani 

TiKMii 

Titamat 

Tittmiet 

iNb 

4-J.l?, 

9a  26 

Nobam  or 

Nolxjni 

yohcmit 

NohamH 

(  CI 

" 

Colani 

Colcm 

Col  em  it 

('iJiUiiici 

Til 

91.? 

182.? 

Tana  111 

TaiKMii 

TdiKinit 

J  iniiuiut 

Mo 

48. 

96. 

Molarn 

Moleni 

Mohimcit 

Molamit 

V 

68.46 

136.92 

Vanani 

Vaneni 

1  'unamtii 

V(uit  init 

\W 

92. 

184. 

Walam 

A^'oleni 

Wolamat 

)l  (ihnnit 

}   " 

" 

" 

Tunani 

Tiineni 

Tunamat 

TiiUdinit 

As 

37.5 

to. 

Arsam 

Arsem 

Arsamat 

Arsniind 

(  Sb 

60.15 

120.3 

Stibam  or 

Stibeni 

Stibcunat 

Stihaiimt 

" 

" 

Antam 

Antcni 

Antamut 

■  Antiiiinit 

Bi 

105. 

210. 

Bisani 

Biseni 

Bisamat 

Bisauioi 

{- 

31.75 

62.5 

Ciipani  or 

Cupeni 

C2O  Cupemat 

Cupamet 

" 

" 

Coppani 

Coppem 

Coppemat 

Coppamet 

(Pb 

103.5 

207. 

Plubam  or 

Plubeni 

Pluhemat 

Plubainct 

" 

" 

Leadam 

Leadem 

Leadamat 

Leaditmd. 

Tl 

101.75 

203.5 

Tliallam 

Tliallem 

Tliallamit 

Te 

645 

129. 

Tellam 

Tellcm 

Tellamat 

Tellamit 

jHg 

100. 

200. 

Hygain  or 

Hygeni 

Jlw/emat 
Mercemat 

Hugo  mat 
Mercatnat 

I   " 

" 

" 

Mercam 

Mercem 

iAg 

54. 

108. 

Argam  or 

Argem 

Argemat 

Arqamet 

" 

" 

8ilvam 

Silvern 

ASi/vemat 

tiilvmnet 

(  All 

U8.33 

196.66 

Auram  or 

Aurcm 

Anremat 

Auremit 

" 

" 

Goldain 

(ioldein 

(lokkmat 

Goldemit 

Pt 

98.56 

199.12 

Platam 

Platcm 

J'hitdinat 

Platuiiict 

Pd 

53.24 

106.48 

Pallam 

PallLMn 

l\dlpmut 

Pallnmct 

Ro 

52.16 

104.32 

Rhodam 

Rhodem 

Rhodamat 

Rliodemit 

Rii 

52  11 

104.22 

Rutham 

Ruthem 

Rutlinmat 

Rutluiiiu't 

Os 

99.41 

198.82 

Osman 

Osmen 

Osmamat 

Osmamot 

Ir 

98.56 

197.12 

Irdam 

Irdem 

Irdamat 

Irdamet 

As  a  whole,  the  old  symbols,  representing  combining  proportions, 
are  applicable  to  neither  column  of  atomic  weights.  Fewer  changes 
are  required  by  adopting  the  weights  of  the  first  column  ;  yet  the 
advantages  derived  from  estimating  H  =  1  are  so  obvious,  tliat  the 
symbols  used  in  the  remainder  of  the  jiajx-r  will  represent  tlic  numbers 
in  the  second  column.  Those  having  the  old  value  will  be  denoted  by 
the  usual  letter-s,  and  symbols  of  doubled  value  by  full-faced  type. 

A    complete  series   of   known   oxides  of  .several   metals   (excluding 
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hydrates)  are  here  presented,  for  tlie  purpose  of  comparing  the  old  and 
new  system  as  to  brevity  and  precision. 


1.  Protoxide  of  iron  (Ferrous  oxide), 
Sesquioxide  or  Peroxide  of  iron  (Ferric  oxide), 

IXTERMEDIATE    OXIOES. 

Black  or  Magnetic  oxide  of  iron  (Ferroso-ferric  oxide), 
A  nameless  oxide  of  iron  (auct.  Berthier  &  Glasson 

4  FeO  r20 
Scale  oxide  of  iron  (inner  layer),  6  Fe  0  Fe203  = 

The  name  of  the  latter,  expressing  the  supposed  rational  I'oriuula,  is 

2.  Protoxide  of  manganese  (Manganous  oxide), 
Red  oxide  of  manganese  (Manganoso-nianganic  oxide), 
Sesquioxide  of  manganese  (Manganic  oxide). 
Peroxide  of  manganese  (Dioxide  of  M.), 


FeO: 
Fe203 


Ftrr<nii(tt . 

Fcmiiiit. 


Fe304 :  Ferrimot. 

), 

=  FesOr :  Ferreameet. 

=  FCsOo :  Ferreimeoi. 

Ferrcameat  -  Ferremit. 

MnO :  Manaviat. 

MllsOi  :  Manimot. 

Mn203 :  Manemit. 

Mn02 :  Manamet. 


3.  The  Chromium  atom,  properly  Chromam,  may  be  contracted 
to  Chram ;   which   is   especially  convenient  in  denoting 
chromates. 
Protoxide  of  Chromium  (Chromous  oxide). 
Magnetic  oxide  of  chrome  ( Chromoso-chromic  oxide), 
Sesquioxide  of  chromium  (Chromic  oxide), 
Monochromate  of  sesquioxide  of  chromium, 
Bichromate  of  sesquioxide  of  chromium. 
Neutral  chromate  of  sesquioxide  of  chromium, 
Acid  cliromate  of  sesquioxide  of  chromium, 
Chi'omic  acid. 


CrO: 

Chrmnat. 

Cr304: 

Chrimot. 

Cr20, : 

Chremit. 

CrA: 

Chrhneat. 

Cr^Og : 

Chromeot. 

Cr^Oiz: 

Chrumoit. 

VrSi.,: 

Chrenini/iti 

Cr«3 

Chram  it. 

Inchiding  hydrates,  the  oxides  of  metals,  metalloids,  and  organic 
radicals  now  known  may  be  estimated  in  round  numbers  at  400.  The 
following  oxides  of  a  halogen  are  adduced  to  show  the  inadequacy  of 
the  old  nomenclature  in  defining  the  higher  combining  ratios  of  only 
two  elements  :  — 

Iodic  anhydride,  I2O5,  evut ;    Hypoiodic  acid,  I2O4,  evot;   Intermediate  oxide  (auct. 
Iv^MMERER^,  Ig0i3,  eavyit ;  Subhypoiodic  acid  (auct.  MillonJ,  IioOiu,  euryeot. 

A  few  brief  observations  will  perhaps  aid  in  apprehending  the  pur- 
port of  numerous  new  combinations,  illustrating  the  doctrine  of  types 
and  substitutions. 

1.  An  atom  has  a  definite  maximum  power  of  holding  other  atoms 
in  chemical  union.  The  normal  quantivalence  or  highest  saturating 
capacity  of  an  atom,  that  i.'^,  its  so-called  atomicity,  decreases  as  it  is 
duplicated  and  condensed. 
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2.  Clilordd  is  ranked  iu  the  class  of  eleiiu'iits  liaviiig  tlio  lowest 
Saturating  power  :  therefore  ad  nuiy  be  taken  as  the  unit  of  nieasure- 

^nent,  and  thus  words  already  in  use  in  this  connection  are  made  pecu- 
liarly appropriate ;  for  example,  liydral  is  a  monad,  oxat  is  a  dyad 
nit  ran  is  a  triad  (often  a  pentad),  carhar  is  n,  tuivaA,  jdiosap  is  a  pentad 
and  often  a  triad.  Cavher,  fevrem,  alem,  chrome7ii,  and  other  doitblk- 
ATOMS  forming  sesquioxides,  behave  like  hexads,  while  vianam  appears 
to  be  a  heptad.  A7'sam,  bisam,  and  stihani  are  either  triads  or  pen- 
tads. 

3.  A  molecule  is  a  complete  chemical  structure,  capable  of  existing 
in  a  separate  state  :  that  part  of  it  which  can  unite  with  various 
monad  radicals  —  known  as  the  residue  or  remainder  of  a  molecule  — 
being  regarded  as  a  broken  structure  or  imperfect  body  may  be  called 
a  torso. 

4.  The  atomicity  of  a  torso,  or  of  a  radical  containing  one  atom  of 
an  element  united  to  one  or  more  atoms  of  another  element,  is  equal  to 
the  difterence  between  the  normal  saturating  power  of  its  comj^o- 
nents.     The  following  are  examples  :  — 

Compound  monads:  Ammonium,  H4N'"  =  o/an  or  !7(/?w/',-  Hydroxyl,  II'0"  =  a/^'; 
Aniidogen,  H2N"  '=  elan';  Nitric  oxide,  N'"02"  =  aneV; 
Cyanogen,  t'i^N'"  =  ai-n'. 

Compound  dyads  :  Carhonyl  (Carbonic  oxide),  C'^O"^  arat  or  art": 

Monamine,  HN'"  =  alan";  Methylene,  CivH2^  arel  or  ach". 
Compound  tkiads  :  Formene,  CivH  =  arl'";  Phospil,  PvQ"  =  apt'". 

5.  The  researches  of  Kekule  have  shown  that  the  same  number  of 
carbon  and  hydrogen  atoms,  having  different  saturating  powers,  are 
related  to  different  hydrocarbon  series  ;  and  the  equivalence  of  such 
isomers  may  be  determined  by  the  number  of  hydrogen  atoms  they 
contain.  For  example,  glyceryl,  CgH,^  (echarl'"),  having  three  less 
hydrogen  atoms  than  the  hydride  of  propyl  (ichel),  CgHg,  is  a  triad; 
while  allyl,  C3H,  {rirechal'),  having  one  atom  of  hydrogen  less  than 
propylene,  CgHg  (irlll"),  is  a  monad.  Thus  also  to  the  series  of  high- 
est saturation  of  carbon  belongs  acetylene,  CgHg  {erel  or  erl^^)  ;  and 
having  four  atoms  of  hydrogen  less  than  the  hydride  of  ethyl,  CaHg 
{exhd),  it  is  a  tetrad.  If  two  atoms  of  the  monad  bromine  be  added, 
the  saturating  power  of  the  compound  will  be  diminished  two  degrees  ; 
therefore  the  bibromide  of  acetylene,  C^W^Mv^  {erUb)  is  a  dyad.     The 
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];ite   brilliniit  elucidations  of  atomicity  l>y  AVurtz    liave    tliruwn  light 
on  many  points,  to  which  reference  cannot  now  be  made. 

6.  A  complex  hydrocar])on  monad  radical  may  be  regarded  as  tlw; 
.combination  of  a  monad  with  an  even  nund:)L'r  of  ladicals  or  torsoes  m 
equUibrlo.     The  following  are  examples  :  — 

Acetyl  =  (l'0"('llv")  +  H  =  artachaV. 
Propyl  =  (CIL."  ('II2")  +  Clis'  —  ichaP. 
JJutyl    =:  {VU>"  Viy  VUo"  VllJi)  +  II  =  (x'hal'. 

7.  Gerhardt  classified  chemical  compounds  under  four  types,  two 
of  which,  the  hydrogen  and  the  hydrochloric-acid  types,  are  molecules 
consisting  of  two  monads  :  one  molecule  should  therefore  be  taken  as 
the  primal  t3'pe,  and  the  other  as  a  sub-type.  The  use  of  only  three 
types  would,  at  first  sight,  be  commended  for  its  simplicity ;  yet  the 
vast  diversity  of  Nature's  combinations  involves  the  necessity  of  many 
multiples,  and  the  formation  of  mixed  types  as  proposed  by  Odling, 
in  which  the  saturating  power  of  the  several  parts  is  distinguished  by 
the  signs  used  in  this  paper.  Valid  arguments  may  be  urged  in  favor 
of  using  at  least  five  types,  in  each  of  which  one-half  the  saturating 
power  expended  to  form  the  molecule  is  derived  from  a  single  atom. 
The  atom-holding  power  of  one-half  being  balanced  by  that  of  the 
other  half  of  each  molecule,  it  is  proposed  to  distinguish  each  tj'pe  b\'- 
the  name  expressing  the  equivalence  of  one-half  of  it.  The  following 
will  show  the  value  of  the  new  characters  in  tyj)ical  expn-ssions  :  — 


Monad  type. 

Dyad  type. 

Triad  type. 

Tetuad  type.' 

Pentad  type 

Clilorido 

Hydrochloric 

Water. 

Ammonia. 

Marsh  gas. 

of  pliosphorus 

acid. 

.7  ^ 

al] 

al'fad. 

al)     , 

an 

al  }  an. 
al) 

al 
al 

all'"'- 
al\ 

a/\ 

al  }■  ap. 

an 

al] 

In  representing  the  most  important  bodies  formed  by  the  replace- 
ment of  one  or  more  atoms  of  hj'drogeii  by  one  or  more  monad  radicals, 
the  change  consists,  as  will  presently  be  shown,  simply  in  substituting 
for  al  the  name  of  a  radical  ending  with  al.  The  different  views  of 
chemists  respecting  the  typical  form  of  the  same  body  maybe  distinct- 
ly illustrated  by  the  new  characters  ;  take,  for  example,  acetic  acid, 
C4  H^  O4  =  Cg  H^  Og.  Kolbe's  carbonic-acid  tj'pe,  being  essentially 
the  same  as  the  water  type,  is  omitted,  and  the  so-called  radical  type 
is  added  in  the  following  table  :  — 
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Empirical.      1       (iKiniAiiDT.  Dkius.  F^axki-ant)  i^  Diit-a. 

i  "I 

olert  i  "/  /     ,  (  (('■/"'/'  '"•  '  (il 

arUu-lHil  \  '"■         ar  \  (il'i  I  (  al 

t  alt'.  \  at" 


echet. 


\  ilk'. 


The  empirical  name  erhet  is  the  second  in  a  series  of  wliicli  acliet 
(formic  acid)  is  the  first;  icliet  (propjlic  acid),  tlie  third;  urliet  (but}'- 
lic  acid),  the  fourtli ;  uclid.  (amylic  acid),  the  tiftli  ;  and  so  on  to  tlie 
higliest  or  most  condensed  molecule  weucliet  (melissic  acid),  represent- 
ed in  the  old  notation  hy  HO  C^.yH.gO^,  and  in  the  new  by  Ca^Hg^ 
Oo-  These  short  and  simple  names,  formed  by  changes  in  the  first 
syllable,  represent  these  acids  as  the  result  of  sugccssive  additions  of 
ach  (CH^)  ;  but  they  cannot  be  made  available  in  illustrating  the 
changes  which  occur  when  an  atom  of  hydrogen  is  rci)hu-ed  by  a  metal 
or  a  radical.  The  other  empirical  imme  may  be  used  b}^  those  who 
prefer  to  express  no  opinion  as  to  the  actual  constitution  of  the  acid. 
To  carry  out  this  view,  the  replaceable  atom  of  hydrogen  in  the  acid 
may  form  the  first  syllable,  and  the  remaining  syllables  will  be  the 
terminal  of  the  acetates  formed  by  monad  metals,  e.  g.,  acetic  acid,  ali- 
lert  ;  acetate  of  potash,  Kahnilert.  The  terminal  syllables  must  be 
doubled  in  value,  to  denote  acetates  of  dyad  metals;  for  example,  ace- 
tate of  lead,  Flabinfalort.  In  consideration  of  the  existence  of 
numerous  imj^ortant  bodies,  into  the  construction  of  which  an  acid- 
forming  radical  (;f  this  series  enters,  it  has  been  found  most  desirable 
to  designate  the  acids  by  names  which  bring  the  radical  more  clearly 
to  view.  Preference  is  therefore  given  to  those  which  are  readily  re- 
solved into  the  water  or  dyad  type ;  thus,  acetic  acid,  as  alartachalt 
or  lartachalt,  is  easily  separated  into  syllables  which  reveal  its  typical 
structure  [al-artachar\nt.  AVhen  al  is  replaced  by  a  monad  metal,  the 
typical  form  is  still  apparent  [_am-artac.Jiar\at.  An  atom  of  a  dyad 
metal  replaces  the  liydrogen  atom  in  two  molecules  of  acid  :  therefore 
the  torso  artachalt  is  doubled,  which  is  indicated  by  the  suffix  e  having 
the  sound  of  eh,  thus,  artcichalte.  In  the  sesquiacetates,  the  double- 
torso  r/z-^/r/^fl/^c  is  trebled,  and  indicated  by  the  suffix  ea  =  Q-,  for 
example,  one  of  the  acetates  of  alumina  =  Al-'CjgHjgOi  3,  is  Alem- 
artachaltea. 

All  the  types  previously  enuuierated  may  be  regarded  as  subtypes, 
embraced  in  a  regular  series  of  t3'pe3  consisting  of  condensed   mole- 
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cules  of  hydrogen,  according  to  the  suggestion  originally  made  by 
Hunt.  In  the  following  table,  containing  several  new  ty})e.s,  the  con- 
densed hydrogen  molecules  are  connected  with  the  types  of  substan- 
tially the  same  significance  by  the  mathematical  symbol  of  equiva- 
lency. Atoms  in  brackets-  in  the  first  series  are  replaced  by  other 
atoms  in  the  second. 

Ratios.      Hvdrogen  molecules.  Old  names.  New  xame.s. 

1  :  I  :il-[al]  O  HCl,  Hydrocliloric  acid  =  alad. 

2  :  lel-lel]  =0=  H2O,  Water  ^  dot. 

3  :  I  il-[il]  O  H3N,  Ammonia  =  ilan. 
I  :  4  [ol]-ol  O  CH4,  Marsh  gas  =  arol. 
I  :  5  [ul]-ul  0PCI5,  Pentachloride  of  phosphorus  =  apnd. 

I  :     6  [eal]-eal      *'  =0=  CfFb,         Perfluoride  of  chromium  —  chramcaf. 

I  :     7  [eel] -eel  O  MnClr,      Perchloride  of  manganese        ^=  mcmamced. 

I  :     ■!  [ol]-ol  0CH3H,       Hydride  of  metliyl      (achal-al)=:  achel. 

II  :     6  [eal]-eal  o  CJHiH,      Hydride  of  etliyl        (echal-al)=  eckel. 

III  :     8  [eil]-eil  o  C3H7H,      Hydride  of  propyl       (ichnl-al)^  ichd. 

IV  :  10  [eul]-eul  0  C4H9H,      Hydride  of  butyl        (oc/ia!-a!)=  ochel. 

V  :  12  [yel]-yel  O  CsHnH,    Hydride  of  amyl         (uchaUtl)=  uckd. 

VI  :  14  [yol]-yol  o  CfiHi.oH,    Hydride  of  caproyl    (r(whal-al)=  oachd. 

VII  :  16  [yeal]-yeal  =0  C7H15H,    Hydride  ot'ainanthyl(eec/)al-<il)^=(;echd. 

VIII  :  18  [yeil]-yeil  <:=  CaH^H,    Hydride  of  capryl       (cir/tdl-al)^^  eir/id. 
XII  :  26  [weal]-\veal  =0=  C12H25H,  Hydride  of  lauryl      (oii:htd-aI)^=  oirhij. 
XVI  :  34  [ixol]-ixol  =c=  CifiH«H,  Hydride  of  cetyl       (auch<il-(il)=  (tuckif. 
XXVII:  56  [uxeal]-uxeal  o  Cu'rHs-,H,  Hydride  of  ceryl      (u'H-chal-(il)=  tvrrcM.     - 
XXX  :  62  [eaxel]-eaxel  O  CwHmH,  Hydride  of  melissylO(Y(/c/ia/-a/J=:  muchd. 

It  is  evident  that  the  so-called  "  atomicity  "  does  not  prevent  the 
union  of  atoms  in  a  regular  progressive  series  of  ratios.  In  such  cases 
the  atom-holding  energy  has  different  degrees  of  dev(^lopment  a.s  tlie 
result  of  the  reflex  influence  of  combination.  Apparent  abnormal 
action,  for  instance,  in  the  case  of  I0O-,  erect,  ma}^  be  accounted  for 
by  supposing  an  even  number  of  atoms  of  oxygen,  0,;,  in  alternately 
opposite  polar  conditions,  to  be  united  with  loO.  When  mercury  and 
chlorine  form  calomel,  mercamad,  the  anomaly  is  explained  by  the 
fact  that  the  volume  of  the  compound  corresponds  with  that  of  a  mole- 
cule of  hydrogen  ;  thus,  in  this,  as  well  as  the  case  of  the  hydride  of 
copper,  cupamal,  a  dyad  metal  plays  the  part  of  a  monad. 

The  new  names  of  acids  and  salts,  of  simple  as  wrll  as  intricate 
constructions,  are  so  framed  that  they  may  readily  be  resolved  into 
syllables  expressing  their  typical  relations.     This  is  accomplished  by 
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making  the  replaceable  hydrogen  of  an  acid  the  pretix  which  deter- 
mines the  t^'pe  on  which  the  compound  is  constructed,  as  explKined 
previously  in  speaking  of  the  acetic  acid.  The  typical  name  of  an 
acid  or  salt  embraces,  in  fact,  three  terms  ;  the  first  consists  of  the  re- 
placeable hydrogen,  the  second  is  another  portion  of  the  compound  of 
equal  equivalence  to  the  first,  and  the  remaining  oxygen  atoms  will 
constitute  a  third  term  having  the  atomic  equivalence  of  the  first  and 
second  terms  combined.  In  chemical  reactions,  the  second  and  third 
terms  generally  remain  unchanged,  and  may  therefore  be  included  as 
one  name,  and  the  whole  name  majj  be  said  to  represent  the  combina- 
tion of  a  radical  with  a  torso.     Examples  :  — 

Nitric  acid,  "monatomic"    [al'-anet']at"     =  alanit. 

Sulphuric  acid,      "  biatomic"        [el"-aset"Jetiv  =  elasot. 
Pliosphoric  acid,    "triatoniic"       [il"'-apt"']itvi  =  ilapot. 

The  halogens  are  powerful  electro-negative  elements.  Having  the 
best  structural  adaptability,  as  monads,  they  are  found  among  the 
components  of  many  bodies.  Those  well  investigated  may  be  esti- 
mated in  round  numbers  thus  :  Chlorides,  750  ;  iodides,  320  ;  fluorides, 
160 ;  bromides,  150  ;  to  which  may  be  added  another  class  of  very  simi- 
lar structure  :  the  cyanides,  220  ;  total,  1630.  In  this  estimate,  several 
hundred  chlorhydrates,  bromhydrates  and  iodhydrates  are  not  included. 
Their  new  names  will  be  so  readily  understood,  it  is  only  essential  to 
present  such  examples  as  will  explain  the  changes  required  by  the 
atomic  notation  and  the  typical  classification  :  — 


MOXAD    TYPE. 

Hydrofluoric  acid, 

HF,          alaf: 

Fluoride  of  thallium. 

Tlialamaf. 

Hydrochloric  acid, 

HCl,         alad : 

Chloride  of  sodium. 

Sodamad. 

Hydrobromic  acid, 

HBr,         ahb-. 

Bromide  of  ammonium, 

Olanah. 

Hydriodic  acid, 

HI,            alav : 

Iodide  of  potassium. 

Potamav. 

Hydrocyanic  acid. 

HCy,         alarn  : 

Cyanide  of  silver. 

Argamarn. 

DVAD    TYPE. 

Fluor  spar, 

Cnlcamcf. 

Corrosive  sublimate,       * 

Mercamed. 

Chloride  of  thorium 

,       Thoramed. 

Bromide  of  cadmium, 

Cadaiiieb. 

Bromide  of  yttrium 

Yttrameb. 

Iodide  of  zinc, 

Zinamev. 

Cyanide  of  iron. 

Ferramem. 

Cyanide  of  magnesium, 

Magamern. 

Triad  type. 

Kluoride  of  arsenic. 

Arsnmif. 

Chloride  of  antimony. 

Stibnmid. 

Hroiniile  of  Rold, 

Auramib. 

Iodide  of  bismuth, 

Bisamiv. 

Broiniiie  of  nitrogen 

,      Anib. 

Solid  chloride  of  cyanogen 

I  ID  id. 

Fluoride  of  boron, 

^jif- 

Bromide  of  boron, 

Ajih. 
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Tetrad  type. 

Perfluoride  of  titanium,  TiUnnof. 

Perbroniide  of  telluriura,  Tcllamob. 

Perchloriile  of  tantalium,  Tunamod. 


Pentad  type. 

Pentachloride  of  antimony,  Stihnmud. 

Pentabromide  of  phosphorus,  apud. 

Quinquiodide  of  tetrethyl-ammonium,  echalom-unuv. 

Hexad  type. 
Perfiuoride  of  vanadium,       Vanamcaf. 


Percldoride  of  tin,  Stannamod. 

Periodide  of  platinum,       Platarnov. 
Percyanide  of  palhxdium,  Pallamorn. 

Quinquiodide  of  arsenic  ?     Arsamuv. 
Quinquebromide  of  iodine,  avub. 


Percliloride  of  molybdenum,  Molanicad. 
Perbroniide  of  tungsten,  Wolameab. 
Perfluoride  of  selenium,        Azeqf. 


Periodide  of  tellurium,       Tellamenv. 
Perfluoride  of  chromium,  Chrameaf. 
Perfluoride  of  silicon,         Aleaf. 
Perbromide  of  siUcon,         Akeab. 


Subtype,  or  Radical  type. 


Percliloride  of  iron,  Ferremead. 

Perfluoride  of  ruthenium,  Rutliemeaf. 
Chloride  of  osmium,  Osemead. 


Chloride  of  aluminium,  Alemead. 

Perchloride  of  cerium,  Ceremead. 

Perfluoride  of  glucinum,       Glucemeaf. 

Heptad  type. 

Perchloride  of  manganese,   Manameed.    |    Perfluoride  of  manganese,  Manaimef. 

The  sulphides,  selenides,  and  tellurides  resemble  in  constitution  the 
oxides.  From  nearly  300  well-known  sulphides,  the  following  are 
selected :  — 


elus. 


Sulphuretted  hydrogen,  elas.  Persulphide  of  hydrogen. 

Bisulphide  of  carbon,  ares.  Bisulphide  of  nitrogen,  enes. 

Monosulphide  of  potassium  Cold  name)  KS  =  K,S.  Kalemas. 

Monosulphide  of  mercury  (cinnabarj.  Mercmas  or  Ilyijamas. 

Bisulphide  of  iron  (pyrites),  Ferrames.  ' 

Tersulphide  of  gold,  Auramis. 

Quadrisulphide  of  molybdenum,  Molamos. 

Pentasulphide  of  antimony,  Antcimus  or  ,Stibamus. 

Sesquisulphide  of  rhodium,  Ii/cxlcmis. 

A  magnetic  iron  pyrites  (with  no  systematic  name),  FegS.,  Ferrimos. 

Another  variety  of  pyrites,  FC-S^  (no  name),  Ferreemeis. 

The  next  table  contains  the   known  combinations   of  oxygen  with 
sulphur,  forming  oxides  and  acids  :  — 


Sulphurous  anhydride,  aset. 

Sulphurous  acid,  elasit. 

Sulphuric  anhydride,  asit. 

Nordhausen  sulphuric  acid,  aleseat. 

Sulphuric  acid  (oil  of  vitriol),  clasot. 

Trithionic  anhydride,  isut. 


Hyposulphurous  acid,  elesit. 

Hyposulphuric  acid,  elesmt. 

Trithionic  acid,  ellseat. 

Tetrathionic  acid,  eloseat. 

Pentathiouic  acid,  duseat. 
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In  these  acids  or  salts  of  liydrogeii,  el  may  be  replaced  by  a  dj'ad 
metal,  or,  atom  for  atom,  by  a  monad  metal,  thus  forming  metallic 
salts. 

From  nearly  700  known  varieties  of  sulphates,  tlie  following  are 
selected :  — 


Sulphate  of  protoxide  of  iron,  fermasot. 
Sulphate  of  magnesia,  maijmasot. 

Sulphate  of  soda,  natemasot. 


Sulphate  of  copper,  cupmasot. 

Sulphate  of  baryta,  barmasot. 

Sulphate  of  hthium,  Uthemasot. 


Of  nearlj^  200  sulphites,  only  two  will  be  mentioned  :  — 

Sulphate  of  cerium,  cermasit.     \         Sulphite  of  potash,         kalemasit. 

From  nearly  200  carbonates,  only  the  following  are  selected :  — 

Carbonate  of  lime,  caJcmnrif.         I         Carbonate  of  magnesia,     mar/maii't. 

Carbonate  of  soda,  natemarit.        \        Bicarbonate  of  soda,  natmalarlt. 

Of  300  oxalates,  only  two  are  here  cited  :  — 

Oxalate  of  barj-ta,  harmerot.  \  Salt  of  sorrel,  potmalerot. 

From  100  varieties  of  silicates,  only  the  following  will  be  noted :  — 

Silicate  of  alumina  (sillimanite),  A1.,S0.,  alemakut. 
Silicate  of  alumina  (kaolin),  Al.jSgO,,  alemelceet. 
Silicate  of  potash,  potemakit.  Silicate  of  lime,  calcmakit. 

Silicate  of  magnesia,    marjmakit. 

From  about  50  nitrites,  only  two  are  presented :  — 

Nitrite  of  soda,  sodmanet.  \       Nitrite  oj"  strontia,  stronmcnot. 

From  400  varieties  of  nitrates,  the  following  are  selected  :  — 

Nitrate  of  potash,    kalnumit.  Nitrate  of  silver,  argmanit. 

Nitrate  of  uranium,    urmencat.  Protonitrate  of  iron,  ftnneneat. 

Nitrate  of  sesquioxide  of  iron,  Fe203  NfiOis,  firmncanoot. 

Of  370  phosphates,  only  the  following  :  — 

Tribasicphosphate  of  lime  (in  bones),  Ca.iP^Os,     caJcimeppit. 
Bibasic  jyliosphate  of  lime,  ('adll^'Os-  cnlcfimilppclt. 

Acid  or  Superphosj)hate  of  lime,  Call^T'^Os,  calcuwhpelt.       ^ 

From  90  sulphoc3'anides,  only  one  will  be  mentioned:  — 
Sulphoeyanide  of  mercury,  HjCy2S,  mercmenms. 
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A  few  other  terminals  of  salts  may  be  thus  briefly  enumerated,  a 
monad  metal  being  denoted  by  am  :  — 


210  tartrates, 
60  malates, 
100  citrates, 
120  chroraates, 


em-orleat. 
em-orlut. 
im-earuleet. 
em-chramot. 


40  chlorates  have  the  terniuial  a  ma  Jit. 

GO  ioilates  liave  the  terminal  amarib. 
330  chlorhydrates  have  the  prefix  aid. 

50  bromliydrates  have  the  prefix  alb. 
100  iodhydrates  have  the  prefix  alv. 


270  cliloroplatinates,    am-platamid. 

Ferro-cyanhydrates  or  -cyanides,   em-ferramirn. 
Ferri-cyanhydrates  or  -cyanides,   im-ferremearn. 

The  monad  radicals  forming  the  largest  class  of  alcohols,  and  the 
corresponding  monad  radicals  of  the  fatty-acid  series,  are  in  the  next 
table  j)Iaced  side  by  side  :  — 


Alcohol-forming  radicals. 
Methyl,       CH3    =  CHoH,     achal. 
Ethyl,  C2H5  =  C2H4H,    echal 

Propyl,         C3H7  =  CsHeH,    ichal. 
Butyl,  C4H9,  =  C4H8H,    ochal. 

Amy],  CsHu  =  C5H10H,  uchal. 

Caproyl,      CuHis  =  CeHiiH,  eachid. 
CEnanthyl,  CrHis  =  CtHhH,  eechal. 
Capryl,         CsHir  =  CgHieH,  eichal. 
Wanting. 


Lauryl,    C12H25  =  C12H24H,  yechal. 
Wanting. 
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Cetyl, 


C16H33  =  C16H32H,  yeachal. 
Wanting.         k 


Formyl, 

COH, 

artal. 

Acetyl, 

COCHg. 

artachal. 

Propion^i, 

COC2H5, 

artechal. 

Butyryl, 

COCaH/, 

artichal. 

Valeryl, 

COC4H9, 

artochal. 

Caproylyl, 

COCsHn, 

artitchal. 

CEnanthoyl, 

COCgHis, 

arteachal. 

Caprylyl, 

COtVHis, 

arteechal. 

Pelargonyl, 

COCsHu, 

arteichal. 

Rutilyl, 

COCgHig, 

arteockal. 

Enodilyl, 

COCi(.H,i, 

arteuchal. 

Laurilyl, 

COCUH2.3, 

artaxachal. 

Coccinjl, 

COC12A25, 

artaxechal. 

Meristyl, 

COC13H27, 

artaxichal. 

Benyl, 

C0CnH29, 

artaxoclial. 

Pahuityl, 

COCuH-i, 

urtnxuchul. 

]\Iargaryl, 

tOCieHis, 

aiiaxeacltal. 

Stearyl, 

coci-a«, 

artaxeechal. 

Balenyl, 

COCisH^r, 

artnxeichnl. 

Arachidyl, 

COCiiiHa, 

artnxeochid. 

Nardyl, 

C0C2(,H4i, 

artdxeuchal. 

Cerotyl, 

C0C2r,Ho,3, 

artexeachal. 

Mehssilyl, 

COCVjHsn, 

.  artexeaclud. 

Ceryl,      C27H55  =  CsrHsiH,  iceechal 
Melissyl,  CsoHui  =  CsoHeoH,  weuchal. 

In  the  acid-forming  series,  the  presence  of  art"  makes  the  sum  of 
the  increments  of  acli!'  one  less  than  in  the  corresponding  alcohol-form- 
ing radical.  : 

An  alcohol  fornied  on  the  dyad  type,  like  water,  contains  one  mo- 
nad radical,  and  the  corresponding  ether  two.  Two  examples  of  each 
will  suffice  to  show  the  manner  of  illustrating  by  the  new  characters 
their  typical  form  :  — 
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Hydrate  of  methyl  } 

or  Wood  sjiirit,  ) 

Hydrate  of  etliyl  ( 
or  Common  alcohol,    ) 

Methylic  oxide  or  .  ) 

Methylic  ether,  | 

Ethylic  oxide  or  ) 

EtliyUc  etlier,  J 


•ALCOHOLS. 

\  Achnl 


Echal 
ul 

ETHERS. 

Achal 
Achnl 


Echal   ) 
Echal   ) 


at  =  Achelat. 
at  =  Echelat. 

at  =  Achalemat. 
at  =  Echalemat. 


The  sulplij'drates  and  sulphides  of  such  radicals  have  structures 
similar  to  these  alcohols  and  ethers.  The  following  table  of  names 
shows  the  compound  containing  oxygen,  and  the  corresponding  com- 
pound containing  sulphur :  — 


Alcohols. 

RlERCAPTANS. 

Ethers. 

Sulphides 

1    iMethvIic 

Achelat. 

Aclu'las. 

Achalemat. 

Achal  emas. 

2.    Etiiyiic 

Echelat. 

Echelas. 

Echalemat. 

Echalemas. 

3.  Propylic 

Ichclat. 

Ichelas. 

Ichahmat. 

Ichalemas. 

4.    Butylic 

Ochelat. 

Ochelas. 

Ochalemat. 

Ochalemas. 

5.    Amylic 

Uchelat. 

Uchelas. 

Uchalemat. 

Uchalemas. 

6.    C'aproylic 

Eachelat. 

Eachelas. 

Eachalemat. 

Eachalemas. 

7.    (Enantliylic 

Eechelat. 

E  echelas. 

Eechalemat. 

Eechalemas. 

8.    Caprylic 

Eichelat.  • 

Eichelas. 

Eichalemat. 

Eiclialemas. 

As  a  specimen  of  the  new  names  of  more  than  500  compounds  con- 
taining an  alcohol-forming  radical,  a  few  combinations  with  the  most 
important,  Ethyl  (echal),  are  presented  :  — 


Fluoride  of  ethyl,  echalf. 
Bromide  of  ethyl,  echulh. 
Cyanide  of  ethyl,        echalarn. 


Acetate  of  ethyl, 
IMonethylic  oxalate, 
Diethjdic  oxalate, 
Meth^-l-ethylic  ether, 
Methyl-amylic  ether, 
Ethyl-butyUc  ether, 
Ethyl-amylic  ether, 


C2H,,-COCH3-02, 

r2H.-,-H-C20202, 

CC  H,)2-C20.02, 

Ills  +  C2H5-O, 
CH3+  C5H11O, 
C2H5  +  C4H9O, 
C2H5  +  C5H11O, 


Chloride  of  ethyl,       echald. 
Iodide  of  ethyl,  echalv. 

Hydj-ide  of  ethyl,        echel. 

echal -artachalt. 

echelerot. 

echalemerot. 

achal-echalt. 

achal-uchalt. 

ethal-ochalt. 

echal-uchalt. 


Acid-forming  radicals  form  anhyhridos,  corresponding  in  structure 
with  simple  ethers  ;  and  hydrates  (acids)  coi-responding  with  alco- 
liols.  Examples  of  the  names  of  acids  of  this  class  are  here  given  : 
for  the  first  term  al,  I  is  used  to  shorten  the  word. 
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Formic  acid, 
Acetic  acid. 
Propionic  acid, 
Butyric  acid. 
Valeric  acid, 
Caproic  acid, 
Qvnantliylic  acid, 
Caprylic  acid, 
Pelargonic  acid, 
Rutilic  acid, 

Other  combinations  containing  an  acid-forming  radical,  which  have 
been  or  may  yet  be  formed,  are  iUustrated  by  the  names  of  compounds 
containing  artachal  (acetyl). 


II-fOTI-O, 

Lartalt 

=  acliet. 

JI-('0('II.rO, 

Lartachalt 

=  echet. 

H-('0('.l  1.5-0, 

Lartrrhah 

=  icliet. 

H-COCiiIIr-O, 

Laiiirliah 

=  orhet. 

H-t'«('4lI.,,-0, 

Lartorltult 

=  uclict. 

n-t'0(',,lIu-0, 

Lfiiiurlialt 

=  eurltet. 

Ii-CO('«IIin-0, 

Lai-tcachalt 

=  eec/iet. 

H-C0(VH,.5-0, 

Larteechalt 

=  eic/iet. 

H-COCsIIir-O, 

Larteichah 

=  eocltet. 

H-C0CulIi9-0, 

Ltirteoclialt  -- 

=  euchet. 

Cliloride  of  acetyl,  artachald. 

Aldehyde,  artarhel. 

Sulpliydrate  of  acetyl,       lartachah. 
Hydrate  of  chloracetyl,      lartacliadat. 
Hydride  of  tribromacetyl,  ar-tacibel. 


Bromide  of  acetyl, 
Acetic  anhydride, 
Sulpliide  of  acetj-l, 
Hydrate  of  bromacetyl, 
Cldoride  of  trichloracetvl, 


aiiachalh. 

aiiar/ialeniat. 

artachalemas. 

larlacliabat. 

artarud. 


Twenty-two  other  radicals,  similar  to  artadtul,  may  form  hundreds  of  compounds 
by  uniting  with  electro-negative  elements. 

Acetones  or  Ketones,  composed  of  an  acid-forming  radical  and 
an  alcohol-forming  radical,  have  the  constitution  of  the  monad  type. 
Of  the  fifteen  bodies  now  known,  seven  are  here  cited :  — 

Methyl-ace tyl  (Acetone),  CHs.CsH?©,  achal-artachal. 

Methyl-butyryl,  CHsjC^HrO,  achal-artichal. 

Methyl-valyl,  CHjCsHgO,  achal-artorhal. 

Ethyl-propionyl  CPropione),  C2H.j,CgH,iO,  echal-urtechal. 

Ethyl-butyryl,  C2H.,C4H70,  echal-artk-hal. 

Propyl-butyryl  (Butyrone),  C3nr,C4H70,  ichal-artkhnl. 

Butyl-valyl  (Valeronej,  C4H9,CjH90,  ochal-artochal. 

In  the  following  hydrocaibon  homologous  series,  formed  by  multi- 
ples of  ach  and  known  as  the  olefiant-gas  series,  one  atom  of  carbon 
saturates  but  two  atoms  of  hydrogen,  the  equivalence  being  thus  ex- 
pressed :  or  o  el.  These  bodies  are  dyads,  each  taking  the  place  of 
two  atoms  of  hydrogen  in  the  water  type. 

Methylene  (not 
yet  isolated^. 
Propylene, 
Aniylene, 
ffinanthylene, 
Elaene, 


} 

Ethylene  or             ") 
Olefiant  gas,        ) 

CHo, 

arlal. 

C0H4, 

erlel. 

CsHc, 

irlil. 

Butylene  (Oil  gas). 

C4HS, 

orlol. 

C5H10, 

uiiul. 

Caproylene, 

CcHia, 

earleal 

CzHh, 

eerled. 

Caprylene, 

CsHir,, 

eirliel. 

C9H18, 

eorleol. 

Paramylene, 

C10H20, 

ewieid 
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This  series  unite  with  dj-adsi,  and  also  with  two  atoms  of  a  monad, 
of  which  the  annexed  are  specimens  :  — 

Oxide  of  ethylene  or  Gl3'colic  ether,  erklat    or  erlmt. 

Oxide  of  propylene  or  Propyl-glycolic  ether,  irlilat  or  ichat. 

Oxide  of  butylene  or  Butyl-glycolic  ether,  orlolat   or  achat. 

Oxide  of  araylene  or  Amyl-glycolic  ether,  urlulut  or  what. 

Hydrate  of  ethylene  or  Etliylic-glycol,  erlelelt   or  erhelt. 

Hydrate  of  propylene  or  Propylic  glycol,  irUlelt   or  ichelt. 

Hydrate  of  butylene  or  Butylic  glycol,  oiioMt  or  ochelt. 

Hydrate  of  aiuylene  or  Aniylic  glycol,  urhddl  or  itchelt. 

Tlie  liydrate  of  glyceryl,  [C3Hg-H3]03  =■  echai'Iilf,  is  a  triad  alco- 
hol. If  U,  the  second  term,  is  rej^laced  by  three  atoms  of  the  monad 
anet  =  ineal,  the  interesting  explosive  compound  Nitroglycerine  is 
formed,  the  three  terms  of  the  type  being  [^echarl-ineo.t]  it  =  echarl'm- 
eot.  On  the  other  hand,  if  il  in  ecliarlllt  be  replaced  by  three  atoms 
of  the    monad-acid   radical    COC^^Hyg,    artaxeechal,    the    compound 

known  as  Tristearin  is  formed,  containing Cg^H^j^Og  = 

iixachereat.  In  like  manner,  only  two  or  one  atom  of  hydrogen  may 
be  replaced  by  two  or  one  atom  of  the  acid-radical. 

Artificial  fats  may  have  been  formed  by  the  action  of  acids  on  glyc- 
erin, ecliarlllt ;  and  the  following  from  among  the  glycerides  are  pre- 
sented, with  their  new  empirical  names :  — 


Monacetin,  C5Hi(j04,  uchot. 
^lonobutyrin,  C-H14O4,  eechot. 
Monovalerin,     C'sHujOi^        eichot. 


Monolein,  C21H40O4,     axemliarot. 

Monopalmitin,  C]9H«04,     axeechot. 
Monostearin,     CJ1H42O2,     exachot. 


That  modification  of  sugar  known  as  glucose  or  starch  sugar,  CgHj  g 
Og,  has  lately  been  regarded  by  some  chemists  as  a  hexatomic  or  hexad 
alcohol.  According  to  this  view,  its  new  name  is  earlealt.  There  are 
about  thirty  varieties  of  sugai's  and  gums  of  nearly  the  same  composi- 
tion, to  which  new  names  should  not  be  given  until  there  is  a  general 
agreement  among  chemists  as  to  their  composition  and  constitution. 

Artificial  alkaloids,  or  compound  ammonias  of  Wurtz  and  Hoff- 
man, formed  on  tlie  triad  or  ammonia  type  \_al-al-al^an,  in  which  an 
atom  of  hydrogen  is  replaced  by  a  radical,  are  thus  illustrated :  — 


Methtlamine. 

Etuylamixe. 

Amylamixe. 

Phenylamixe. 

^ 

(Aniliiie.) 

jciud  y 

al  r  an, 
al  ) 

echal  ^ 
al  r  an, 
al  ) 

uchul  ) 

earolal  ") 

-   al[ 

all 

al) 

•    «o 

achilan. 

echilan. 

uchilan. 

earolilan  or  careelan. 
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DiMETHYLAMINE. 

DiETHYLAMINE. 

DiAMYLAMINE. 

DlPnENYLAMIN-E. 

arhal    ) 

ec/ial   ^ 

uchal   ) 

earolnl   ) 

acliul  >  an. 

echal   >  an. 

al  >  an. 

earolal   >  an, 

al  S 

al  ) 

al  ) 

al  ) 

aclalemalan. 

ecJtlemalan. 

uchalemalan. 

earulemalan. 

Tkimethylamine 

Triethylamine. 

Tryamylamine. 

Triphenylamine 

aclial   ') 

echal  ) 

lirhtil    ) 

earolal   ^ 

aclial   >  an, 

echal   >  an, 

uchal   >  an. 

earolal   >  an. 

ai-ltal  ) 

echal   ) 

uchal  ) 

earolal  ) 

achaliman. 

echaliman. 

uchaliman. 

eariiliman. 

Three  different  radicals  may  be  found  in  the  same  compound.  To 
denote  this,  requires  names  somewhat  longer  than  the  preceding: 
thus, — 

♦        Methyl-ethyl-phenylamine,       [CH3-C2H5-C6H5JN,  is  achal-echal-earulan. 
Diethyl-chloro-phenylamine,     [(C2H5)2CgH4C1]N,   is  echalem-earoladan. 

Other  triad  elements  form  similar  compounds.  From  the  tertiary 
derivations  are  selected  the  following  two  :  — 

Bromide  of  bromethyl-triethyl-phosphonium    =  echeb-echalimap. 
Bromide  of  ethylene-hexethyl-diphosplionium  =  echeb-echaleamep. 

Some  of  the  denser  molecules  of  hydrocarbons  are  here  pre- 
sented :  — 


Cetylene  =  C16H32,     yeach. 

Cetylic  alcohol     =  (;icH340,  yeachelat. 
Cerene  (paraffin)  =  C27H00,     wecch. 
Cerylic  alcoliol     =  C2-H20O,  weechelat. 
Melene  (paraffin)  =  CsoHeo,    weitck. 


Melissylic  alcohol  =  C30H62O,  iveuchelat. 
Spermaceti  (pure)  =  C.32H64O2  ixechet. 
Myricin  =  f  4611^02,  oxeachet- 

Cliinese  wax  =:  C64H108O2,  uxochet. 


Combinations  of  metals  with  alcohol-forming  radicals,  or  metallic 
derivatives  of  alcohols  :  — 


Kakodyl  (auct.  Bunsen), 

Arsenio-monomethyl  (auct.  Baeyer), 

Arsenio-trimethyl, 

Arsenio-tetraniethj'I, 

Qiiadrichloride  of  arsenio-monomethyl, 

Triethyl-bismuthene, 

Trimethyl-stibio, 

Stibio-tetranic'thylium, 

Cliloride  of  stibio-tetramethyliiim, 

Oxide  of  stibio-tetramethyhum, 

Nitrate  of  stibio-tetraraethylium, 

Neutral  Sulphate  of  stibio-tetramethylium 


As(CH3)2,     Arsmereal  or  achalem-arsam. 
AsCHg,  Arsniaril    or  achal-arsam. 

As(CH3)3,     Arsmircd    or  achahilim-arsam. 
As(CH3)4,     Arsmoroil  or  achalom-arsam. 
ASCII3CI5,    Arsmarilod  ov  achal-arsaniod. 
(r2H.5)  Bi,  echalim-bisam. 

(CH3)3  Sb,    Stibmcheol  or  achalim-stibam. 
(CH3)4  Sb,  achalom-stibam. 

(0113)4  SbCl,        achalom-stibmad. 
(CMsj.s  SbO,         achalelm-stibamet. 
(CHsji  SbNOs,    achalom-stibmanit. 
achaleimstibemasot. 
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Zuic-diinetliyl, 

Zinc-diethyl, 

Zinc-diamyl, 

Cadmhim-dietliyl, 

Magnesium-diethyl, 

Stannic  etliide, 

Pluinbo-tetrethyl, 


(Cn3)-'Zn, 
(r2il.)-Zn, 
((l^IIii)-'Zu, 

(C2H5)'^Cd, 

(CoHii)Tb, 


Ilydrargo-dimetbyl,       (CIl3)^Hg, 


Zinmereal  or  achalem-zinam. 
echalem-zinam. 
udialem-zinam. 
echalcm-cadain. 
cchalcin-magam. 
echalom-stannam. 
echalom-plubam. 
achalem-hj/c/am. 


From  tlie  products  of  destructive  distillation,  the  following  homolo- 
gous series  is  selected,  which  must  be  recognized  principally  by  the 
first  syllable  denoting  tlie  amount  of  carbon ;  for  by  substitutions  and 
combinations,  the  hydrogen  of  these  bodies  may  all  be  displaced,  and 
numerous  compounds  formed  which  are  indicated  by  terms  having  no 
part  of  the  original  name  except  that  defining  the  carbon. 


Benzol  or  Benzene,  or  Hydride  of  phenyl,  CGH4II2 
Toluol,  CrH^H2,      eereaJel.     |         Xylol, 

Curaol,  C9H10II2,     eoreulel.     \         Cymol, 


earl  or  earolel. 
CsHsH^,         eirlel. 
C10H12II2,       euroild. 


Compounds  related  to  the  first  body  only  of  this  series  will  be 
noted :  — 

The  Hydride  of  phenyl,  CcHe,  earolel,  is  formed  on  the  monad  type. 

Chloride  of  phenyl  or  Monochloride  of  benzene,  is  earolald;  and 

Bromide  of  phenyl  or  Monobroniide  of  benzene,  is  earolalb. 

The  Hydrate  of  phenyl,  better  known  as  Carbolic  or  Phenic  acid,  sometimes 
called  Phenic  alcohol  and  Phenol,  has  the  empirical  name  of  earlat.  As  an 
alcohol,  its  new  name  would  be  earoldat ;  as  an  acid,  l&arohiU.  Its  relation 
with  aniline  will  be  recognized  by  the  empirical  name  of  aulline  (as  well  as 
of  picodine),  eareelan,  the  typical  name  being  enroUlan;  or  if  the  radical  is 
expressed  in  two  syllables,  earuldan,  i.  e.  Monophylamine ;  thus  Triplienyla- 
miue  is  expressed  by  earuliman. 

In  the  following  table  are  embraced  the  known  dyad  honiologues  of 
the  carbonic-acid  and  oxalic-acid  series,  formed  by  the  increment 
ach :  — 


VOL. 


Carbonic  acid  (hypothetical  hydrate),  n2  CO.'!,  d-arlt, 

Glycolic  acid,  C2H4O3  =  H2  OIL'  ('Oa,  d-<ichurit. 

Lactic  acid,  C3H0O3  =  H2  C2H4  ('0,i,  d-cchurit. 

Butilactic  acid,  CjILiOs  =  Hi  C.iHr,  CO3,  d-kluirit. 

Pliocic  acid,  CbHioO.!=  Hi  C^ll.s  t'Os,  d-odinrit. 

I.eucic  acid,  ChHizOs  =  IL;  Cs  Hio  COj,  d-ucharit. 

XVI.  10 
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Oxalic  aciJ, 

n2(^'204, 

el-erot. 

Maloiiic  acid, 

C3H4C4 

=  II2  Vlh  C^-O^, 

el-ackerot. 

Succioio  acid, 

t'4ll«0i 

=  II2  t'^lL,  C.04, 

el-echerot. 

I'yrotarUiric  acid, 

Cfill^Oi 

=  II,  ('3116  Cl'04, 

cl-icherut. 

Adiptic  acid, 

t'ellioOi 

=^  Ih  C4H8  C204, 

elocherot. 

I'iiufclic  acid. 

C7Hl,04 

=  H2  C«Hio  C2O4, 

el-iicherot. 

Suberic  acid, 

t"sHi404 

—  11,  C6H12  COi, 

el-eacherot. 

Anchoic  acid, 

CgHwOi 

=  II,  tVIIu  C-'04, 

d-eecherat. 

Sebacic  acid, 

CjdHisO* 

=  H,  CsHio  C.O4, 

el-eichi-rot. 

The  substitution   of  a  dyad  metal,  or  two  atoms  of  a  monad  metal, 
for  el  iu  this  series,  will  form  the  coiTesponding  metallic  salts. 

In  a  similar  manner  may  be  classified  alkaloids  ;  for  instance,  those 
obtained  by  dry  distillation  of  animal  matter ;  — 


Pyridine, 

Picoline, 

Lutidine, 

Collidine, 

Pavoline, 


CfiHgN,  urlan. 

CeHrN  =  CH^Cs  IIjN,  achurlan. 

C7H9N  =  CCH2)2  CsHsN,  echurlan. 

CWuN  =    (CIl2)3  CsII^N,  khurlan. 

t'sHijN  =  (CHij^CfiHsN,  ochuTlan. 


SubstitlltioilS.     Dumas'  doctrine  of  substitutions  is  very  clearly  set 
forth  in  the  following  examples  :  — 

1.  Marsh  gas  =  arol.  Chloride  of  methyl  (ackalcl)  =  arilad. 
Monochloriuated  chloride  of  methyl,  areled. 
Dichlorinated  chloride  of  methyl  (chloroform),  "  arlid. 
Perclilorinated  chloride  of  methyl,  arod. 

2.  Ethylene,  erld.                 Chlorinated  ethylene,  erlald. 
Dichlorinated  etliylene,                       C2H2CI2,  erled. 
Trichlorinated  ethylene,                      C2HCI3,  eralid. 
Perchlorinated  ethylene,                     C2CI1,  erod. 

3.  The  action  of  chlorine  on  ethylene  and  chloride  of  ethyl  produces  metameric 

compounds  having  widely  different  boiling  points,  thus  distinguished :  — 

j  Uicliloride  of  ethylene  (Dutch  liquid), 
(  Monochloriuated  chloride  of  ethyl, 
(  Monochlorinated  thchloride  of  ethylene, 
\  Dichlorinated  chloride  of  ethyl, 
(  Dichlorinated  dichloride  of  ethylene, 
\  Trichlorinated  chloride  of  ethyl, 
(  Trichlorinated  dichloride  of  ethylene, 
(  Tetrachlorinated  chloride  of  ethyl, 
(  Perchlorinated  dichloride  of  ethylene, 
\  Perchlorinated  chloride  of  ethyl,  C2  Cls,  (identical)  ermd. 


C2H3  HC12, 

=  eiidd. 

€2114  ClCl, 

=  eched. 

C2H3  C1C12, 

:=  erlalid. 

CIIs  CI3, 

=  ecilid. 

C2H2  CbClo 

=  erlod. 

C2H2  CI4, 

=  eclod. 

C2H  CI2CI3 

=  eralud. 

C2  H  Cl«, 

=  ecalud. 

C   CUCI2, 

=:  eread. 
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ureil.        (Paranaphthaline,  C14II10,  yorml.) 

eiireekid. 

Bromnna))lithalinc, 

enrcekih. 

•eurcnlai. 

Dibroinonaplithaline, 

ewoalcb 

mtrulid. 

Tribronionaphthaline, 

eurulib. 

fnrold. 

Tetrabromonaphtlialine, 

eurolb. 

eurekad. 

rerchloronaplitliiiline, 

eiirei(L 
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4.    Naphthalene,  (liolls,  cureil. 

ChloronaphtliaJine, 

Dichloronaphthaline, 

Trichlorouaphtlialine, 

Tetracliloronaphthalinc, 

Hoxachloronaplithalcne, 


5,    CatORinfiS   and  Bromides   of  NAriixuALiNE,  with   Gmelim's  nainea  and 

fonmilas :  — ■ 

tlydrochlorate  of  chloronaphthal'mc,  l^oHjCl  IICl  =  eurelled. 

Hydroelilorate  of  chlorobroinonaphthalinc,  CioHsBrCl  HCl  =  eureelahcd. 

Ilydrobromatc  of  quadribroinonaplitliahne,  CioIUBr^  IlBr  =  euridb. 

Biliydrochlorate  of  bichloronaphthaline,  CioIIfiCla  2  liCl  =  eureilod. 

Bihydroclilorate  of  broniochloronaphthahne,  CioHfiBrCl  2  HCl  ==  eurcilahid. 

Bihydroclilorate  of  terchloronaphtlialine,  TioHiCb  2  HCl  =  eureelud. 

Bihydrocldorate  of  qxiadrichloronaphthaliiie,  t'ioH4CU  2  HCl  =  eitreald. 

Bihydrochlorate  of  bibroniobichloronaphthaline,  i'ieH4BriiCl2  2  HCl  =  eureakbod. 

Bihydrobromate  of  bibromobichloronaplitlialiire,  ('ioHiBr2Cl2  2  IHJr  =  eurealedob. 

Biljydrobromate  of  tfrbroniochloronaphtlmlinc,  CioH^BraCl  2  IIBr  =  eurealadub. 

Bihydrobromate  of  quadribronionaphthalim^,  CioH^Br^  2  HBr  =  eurealb. 

Bihydrochlorate  of  bibromoterchloronaphthaline,  Cion3Br2Cl3  2  HCl  =  eundebod. 

Biliydrobromate  of  pentabromonaphtlialine,  CioHsBr^  2  HBr  =  eumleeb. 


Isonierisni.  By  applying  the  principle  of  permutation  in  the  ar- 
rangement of  letters,  the  same  name  is  never  given  to  raetameric 
Iiodies  having  the  same  ultimate  composition.  A  few  examples  will 
sufficiently  prove  the  adaptation  of  the  new  system  to  cases  of  isom- 
erism.    Each  of  the  following  ten  bodies  has   the  empirical   formula 

'^10        2o"2   • 


Ratio  or  Capric  acid, 
Form  i  ate  of  elayl, 
Acetate  of  capryl, 
Propionate  of  oenantiiyl, 
Butyrate  of  caproyl, 
Valerate  of  aniyl, 
Caproate  of  butyl, 
CEnanthate  of  propyl, 
Caprylate  of  etliyl, 
I'olargonate  of  methyl, 


H  CO  C9H1.SO, 
('911,9  CO  HO, 
Cslli-  CO  CH.-iO, 
(VIIis  CO  C2H5O, 
C«Hi3  CO  C3H7O, 
C.',Hu  CO  C4H90, 
C4H9  CO  C.IInO, 
C!H4  CO  CcHi.iO, 
C.H,  COCVH.sO, 
Vih    CO  Ch  11,-0, 


Larleochnlt. 

fochcd-nrkdt. 

eichnl-nrlnchnlt . 

eechnl-arU'chnlt. 

eachal-artirJudt . 

uchal-artocha/t. 

iirhnl-nrturhalt. 

ichal-nrtearhdt. 

echal-arteechnlt . 

arhid-art(i(h(dt. 


Each  of  the  seven  following  compound  ammonias  has  tlu*  same  ulli 
mate  comi)osition,  CglT,  ^N  :  — 
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Triethylatnine, 

Diprop3'laiiime, 

Caproylamine, 

Amjl-raethylamine, 

Butyl-dimethylamiue, 

Butyl-etliylamine, 

Propl-ethyl-inethylamme, 


(('2H,)3  N, 
(C3H7)2  H  N, 

CeHia  H.N, 
C5H11  CHsHN, 

C4H9     (CIl3)2N, 

C4H9  C2H,  HN, 
C3H7  C^Hi  CHsN, 


echaliman. 

ichalemalan. 

eachikin. 

uchalrOi^helan. 

ochulMichaleman . 

ocluil-echdan. 

ichal-echal-aifuilan. 


Two    Ammonia-cobalt   metameks,   empirical   formula    (H3N) 

CCl;,,  are  here  cited :  — 

Eoseo-pentammonia-cobaltic  chloride,  ikmum-cdbamid. 

Purpureo-pentammon)a-cobaltic  chloride,  yulun  cobamid. 

It  has  already  been  admitted  that  the  improved  names,  as  found  in 
Watts'  New  Dictionarj^,  have  the  merit  of  more  precision  than  the 
old  nomenclature  in  designating  the  proportions  of  non-metallic  ele- 
ments ;  but  this  precision  is  not  always  observed  in  that  portion  of  the 
name  defining  the  metal.  For  the  purpose  of  comparison,  a  few  of 
the  names  given  as  examples  under  the  article  on  Nomenclature,  page 
125,  are  here  inserted,  with  the  symbols  and  the  proposed  new 
names :  — 

Platinic  dichloride  =  PbCb,  Platamed. 

Diplumbic  trioxide  =  Pb203,  Plubemit. 

Triplumbic  tetroxide  =  PbsO^,  Pluhimot. 

Diplumbo-dihydric  trioxide  =  [Pb2H2]03,     Plubemelit. 

Triplumbo-dilij'dric  tetroxide  =  [Pb3H2]04,    Plubimelot. 

Bisrauthic  oxichloride  =  BiClO,  Bisamadat. 

Diplumbic  oxidichloride  =  Pb2Cl20,         Plubemedat. 

Triplumbic  dioxidichloride  =  Pb3Cl202,       Plubimedd. 
Trimercurio-dioxidichloride  =  HgsCl202,  hygimedet. 

Hydrargyro-dihydric-chloronitride  =  HgCl  H2N,  hygmadelan. 

Tetramercurio-tetrahydric-trioxidinitride  =  H4N2  Hg403 


Tetramercurio-tetrahydric-dioxidichlorodinitride  =  Hg4H4Cl2N20 


olen-hygomit. 
hygom-oledent. 


Water  has  three  distinct  functions  recognized  in  the  notation,  but 
not  in  the  common  nomenclature,  which  are  clearly  defined  in  the  new 
system. 

1.  Water  as  a  true  chemical  component :  it  is  thus  designated  by 
elat,  alalt  or  lalt.  The  first  of  these  names,  when  forming  a  part  of 
another  name,  may  denote  the  typical  structure  and  the  rational  for- 
mula of  the  compound  :  it  may  indicate,  likewise,  that  precisely  the 
same  number  and  kind  of  atoms,  by  another  arrangement,  would  form 
two  independent  and  stable  bodies ;  for  instance,  echelat  denotes  that 


PHYSICS    AND    CHEMISTRY,  77 

alcohol  is  formed  by  the  combination  of  the  radical  eclial  with  tlic 
water  torso  alat  or  alt,  and  is  modelled  after  the  dyad  type  ;  it  also  in- 
dicates tlie  fact  proved  by  the  synthetic  process  of  Berthelot,  that 
alcohol  contains  all  and  precisely  the  comjwnents  forming  olefiant  gas 
and  water.  The  other  name  of  water,  alalt  or  lalt,  shows  more  clearly 
how  the  torso  alt,  torn  from  al,  will  unite  with  a  monad  radical  or 
metal  and  form  a  perfect  body,  like,  for  example,  hydrate  of  potash, 
jwtamalt ;  hydrate  of  lime,  calcamelt. 

2.  "Water  as  a  mechanical  component  of  certain  crystals.  Under 
the  plastic  trowel  of  symmetry,  it  fills  the  interstices,  so  to  speak, 
builds  up  and  completes  the  structure.  During  this  mysterious  process 
of  construction,  the  j)air  of  hydrogen  atoms  are  supposed  to  still  cling 
to  oxygen ;  and  the  molecule  having  such  close  atomic  ties  is  distin- 
guished by  the  term  allt.  This  is  the  only  case  where  the  same  con- 
sonants are  found  side  by  side :  the  relation  in  which  the  word  is  used 
will  prevent  its  being  confounded  with  the  torso  alt.  By  changing 
the  vowel  prefix,  any  number  of  molecules,  either  of  water  of  crystal- 
lization, or  of  constitutional  water,  as  Graham  styles  it,  may  be 
denoted.  As  a  general  rule,  this  name  precedes  the  essential  name  of 
the  compound ;  for  example  :  — 

Crystallized  periodic  acid,  with  4  atoms  of  water,    ollt-alavot. 

Crystallized  oxalic  acid  with  2  aqua,  ellt-elerot. 

Prismatic  nitrate  of  copper  with  3  aqua,  illt-cupmeneat. 

Rhomboidal  nitrate  of  copper  with  6  aqua,  eallt-cupmmeat. 

Nitrate  of  lime  with  4  aqua,  ollt-calcmeneat. 

Nitrate  of  strontia  with  5  aqua,  uUt-stronmeneat. 

Nitrate  of  lithia  with  5  aqua,  ullt-Uthmanit. 

Protonitrate  of  iron  with  6  aqua,  eallt-fermeneat. 

Hyposulphite  of  soda  with  5  aqua,  uUt-sodemasii. 

Sulphate  of  soda  with  10  aqua,  eullt-sodemasot. 

Carbonate  of  soda  with  10  aqua,  eullt-sodemarit. 

Sulphate  of  alumina  and  potash  with  24  aqua,  wolltalem-pote.mosoit. 

Sulphate  of  alumina  and  thaUium  with  24  aqua,  wolltaltm-thullemosoit, 

3.  Water  as  a  solvent  or  menstruum,  modifying,  in  proportion  to  its 
quantity,  the  chemical  power  and  functions  of  the  compound  held  in 
solution.  The  complete  and  equable  diffusion  of  a  soluble  body,  by 
which  its  characteristics  are  manifested  through  the  medium  of  this 
fluid,  may  be  regarded  as  the  effect  of  a  contiguity  resulting  from 
molecular  rather  than  atomic  attraction.  In  this  case,  the  pair  of  hy- 
drogen atoms  are  designated  by  the  letter  h,  and  the  oxygen  atom  by 
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t ;  and  t/i,  as  a  prefix  to  the  name  of  a  compounfl,  denotes  tliat  siicli 
compound  is  held  in  solution  by  an  indefinite  quantity  of  water.  Any 
amount  corresponding  to  a  definite  number  of  molecules  of  water 
may  be  represented  by  the  usual  vowels  placed  before  tk.  The  fol- 
lowing brief  exhibit  of  names  will  show  the  economy  and  precision 
of  expression  applicable  to  substances  now  commonly  called  and  recog- 
nized only  by  misnomers. 

A  solution  of  hydrochloric  acid  and  water,  thalnd. 

Fuming  solution  containing  43  per  cent,  of  IICl  or  G  aqua,  eathalad. 
Solution  of  nCI  whicli  distils  unchanged  (20  per  cent,  acid,  or  10  aqua),  authakid. 

Hydrate  of  chlorine  (Il20)5  CI,  uthad. 

Sulphuric  acid,  distinguished  as  oil  of  vitriol,  elasnf. 

Sulphuric  acid  with  indefinite  quantity  of  water,  thelaaot. 

Glacial  sulphuric  acid,  aihelasot. 

Nitric  acid,  indefinite  solution  by  water,  thalanit. 

Nitric  acid,  solution  containing  GO  per  cent  NO3  or  8  aqua,  ithalanit. 

Solution  of  ammonia  and  water,  thilan. 

Solution  of  alcohol  and  water,  thecheJat. 

Solution  of  carbonic  anhydride  (soda  water),  tharet. 

In  the  further  progress  of  chemical  investigations,  increasing  sig- 
nificance must  be  given  to  the  state  of  dilatation  of  the  body  under 
examination.  On  passing  from  the  solid  to  the  liquid  state,  its  bulk 
will  undergo  but  comparatively  little  change.  In  either  state,  the 
restless  particles  which  make  up  the  apparently  unmoved  mass  are 
still  obedient  to  the  law  of  cohesion,  although  in  the  liquid  the  league 
of  homogeneity  is  not  so  binding  as  to  prevent  the  admission  of  for- 
eign matter ;  but  when,  by  the  irresistible  power  of  the  almost  infini- 
tesimal motions  of  a  subtle  medium,  heat  accelerates  and  amplifies  the 
excursions  of  particles  until  they  fly  simultaneously  beyond  the  do- 
minion of  a  common  attraction,  it  must  be  admitted  that  the  mass 
thus  expanded  to  the  gaseous  state  —  in  reality  a  vast  reservoir  of 
molecular  momentum  —  requires  some  distinctive  appellation.  It  is 
therefore  proposed  to  denote  every  gaseous  compound,  and  every  vola- 
tile body  after  it  has  fumed  into  vapor,  by  simply  prefixing  to  its  new 
name  the  letter  g. 

Were  it  desirable  to  show  the  degree  of  condensation  of  gases  pro- 
duced by  their  combination,  the  number  of  volumes  included  in  one 
molecule  could  be  indicated  by  the  usual  vowels  before  ff  ;  but  as  the 
number  of  atoms  now  conforms  to  the  number  of  volumes  of  craseous 
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elements,  in  most  cases,  tlie  amount  of  condensation  can  bo  easily  esti- 
mated.    At  present  it  seems  essential  only  to  indicate  that  tlie  mole- 
cule has  assumed  a  state  of  gas  or  vapor. 
Tlic  succeeding  names  are  illustrations  :  — 


OASES  at  ordinary  temperatures. 

Carbonic  oxide,  gart. 

Carbonic  anbydride,  garet, 

Olefiant  gas,  gerlel. 

Oil  gas,  gorlol. 

Nitrous  oxide,  genat. 

Binoxide  of  nitrogen,  gant. 

Nitrous  anbydride,  gahit> 

Sulplmretted  bjdrogeu,  gelas. 

Ammonia,  gilan. 

Pbospburetted  bydrogen,  gilap. 

Arseniurettcd  hydrogen,  gil-arsam, 
Antimoniuretted  hydrogen,  gil-siibam. 

Cyanogen  (molecule),  gern. 

Sulphurous  anbydride,  gaset, 

Hypocblorous  anhydride,  gedat. 

Eucblorine,  gadadat. 

Chlorous  anbydride,  gedit. 

Hydrochloric  acid  gas,  galad. 

Ilydrobromic  acid,  galab. 

Ilydriodic  acid,  galav. 

Oxycbloride  of  carbon,  garted. 

Carburetted  hydrogen,  garol. 

Hydride  of  ethyl,  geckel. 

Ethyhde  of  ethyl,  gechalem. 

Chloride  of  methyl,  gachald, 

Methylic  ether,  gachalemai. 


VAPORS  at  teat  stated  on  centigrade  scale. 


Chloride  of  ethyl 
Bromide  of  methyl 
Oxide  of  ethylene 
Hydrofluoric  acid 
Peroxide  of  nitrogen 
Sulphuric  anhydride 
Prussic  acid 
Etbylic  ether 
Amylene 
Chloride  of  methylene 


11°,  (jechald. 
13°,  gachalb. 
13'^.6,  gecluxt. 
16°,  galaf. 
27°,  ganet, 
27",  gasiu 
33°,  galarn. 
34°,  gachalemai. 
39°,  gurlul. 
40°,  gached. 


Protosulphide  of  methyl  41°,  gackelemas. 
Iodide  of  methyl  42°,  gachalv. 

Nitric  anhydride  45°,  ganut. 

Bisulphide  of  carbon        47°,  gares. 
Bromide  of  ethyl  47°. 7,  gechalh. 

Hydrideof  methyl  60°,  gachelat. 

Chloroform  61°,  garlid. 

Sulpbochloride  of  carbon  70°,  garsed. 
Caproylene  71°,  gearleal. 

Iodide  of  ethyl  72°,  gechalv. 

Bichloride  of  carbon  78°,  garod. 

Percbloride  of  phosphorus  78°,  gapid. 
Absolute  alcohol  78°,  gechelat. 

Bichloride  of  ethylene      85°,  gerhld. 
fEnanthylene  99°,  geerled. 

Steam  100°,  gelat. 


In  anticipation  of  an  inquiry  as  to  tire  feasibility  of  applying  the 
new  nomenclature  to  all  known  chemical  bodies,  it  may  be  here  ob- 
served that  new  names  have  been  framed  for  a  large  majority  of  the 
compounds  enumerated  in  Storer's  Dictionary  of  Solubilities,  as  well 
as  for  many  modifications  described  in  Dana's  Mineralogy ;  yet  as 
these  names  form  a  lexicon  of  chemical  compounds,  they  cannot  prop- 
erly be  applied  to  the  large  class  about  the  composition  of  which  there 
is  still  a  wide  diversity  of  opinion,  particularly  to  those  treated  of  in 
zoochemistry,  from  whose  percentage-analysis  no  satisfactory  formulae 
have  thus  far  been  deduced.  No  objection  can  be  made,  however,  to 
the  application  of  new  terms  to  those  compounds  now  designated  only 
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by  symbols,  or  to  new  bodies  not  yet  named;  sucli,  for  example,  as 
Loew's  new  combination  of  bydrogen  with  tbe  sesquisulpbide  of  car- 
bon, aleris. 

Sliould  the  proposed  system  be  favorably  received,  tbe  most  effectual 
mode  of  bringing  it  into  general  use  would  be  to  add  to  the  old  name 
of  a  body  the  new  name  in  italics,  in  lieu  of  the  ordinary  symbols 
wliich  now  involve  the  use  of  very  small  figures  not  always  read  with 
facility.  These  symbols  liave  been  aptly  termed  the  short-hand  of  the 
chemist;  yet  in  a  large  majority  of  instances,  the  corresponding  new 
names  contain  a  smaller  number  of  syllables  ;  for  example,  CO  3  is 
pronounced  with  three  syllables,  and  garet  with  two  ;  H^O  with  three 
syllables,  elat  with  two;  HO  with  two,  alt  with  one  ;  COClg  with  five, 
and  garted  with  two. 

Those  objecting  to  the  use  of  chemical  equations,  will  observe  how 
readily  the  new  names  may  be  substituted  for  such  expressions  by  the 
following  examples  :  — 

(  H2CI2  +  NazO  =  Na2Cl2  +  H2O  : 

I  ded  with  sodemat  yields  sodemed  and  elat. 

j        H2SO4  +  ZnSO  =  ZnS04  +  H2O : 

(  elasot  with  zinamat  yields  zinmasot  and  elal 

(        H2SO4  +  Zn  =  Zn802  +  H2 : 

(  elasot  with  zinam  yields  zinmasot  and  hydrel. 

I         CaNaOe  +  Na2S04  =  Na2  N2OC  +  CaS04 : 

I  calcmeneat  and  sodemasot  yield  sodemetieat  and  cabnasot. 

Williamson's  original  view  of  the  constitution  of  ethers  is  illustrated 
by  the  following  substitute  for  the  equation  explaining  the  reactions 
which  produce  the  oxide  of  diethyl :  — 

sodam-echalt  with  echalv,  yields  Sodamav  and  echalemat. 

The  use  of  the  new  nomenclature  in  conversations  on  chemical  sub- 
jects would  correct  very  soon  many  vulgar  errors,  and  inculcate,  by 
mere  imitation  and  habit,  clearer  views  of  combinations.  He  who 
knows  why  he  calls  chloroform  arlid,  knows  on  the  instant,  and  knows 
for  life,  that  it  is  composed  of  one  of  carbon,  one  of  hydrogen  and 
three  atoms  of  chlorine  ;  or  when  he  designates  laughing  gas  by  genat, 
he  announces  at  once  several  facts  not  indicated  by  the  old  names, 
nitrous  oxide  or  protoxide  of  nitrogen. 

Chemical  writers,  who  are  obliged  to  study  brevitj^  of  expression, 
will  fully  appreciate  the  saving  of  pen  and  type-work  resulting  from 
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the  use  of  the  new  nomenclature,  which  may  often  be  as  marked  as  in 
the  following  annouucemeut  of  a  late  scientific  achievement  in  old  and 
new  phrase  placed  side  by  side  :  — 


LosSEN  has  succeeded  in  replacing 
[an  atom  of  hydrogen  in  ammonia 
by  an  atom  of  hydrogen  and  oxygen, 
or  hydroxyl;  thus  forming  hydroxa- 
laminel. 


LossEN  has  succeeded  in  replacing  [a 
in  ilan  by  alt ;  thus  forming  altelan^ 


Very  few  of  the  best  practical  chemists  attempt  to  tax  the  "memory 
with  the  exact  symbolic  formulae  of  many  compounds  whose  functions 
and  general  characteristics  are  well  known  to  them ;  yet  they  are  aware 
that  the  application  of  the  theory  of  substitutions,  in  the  higher 
branches  of  the  science,  depends  on  a  correct  conception  of  atomic 
proportions.  They  would  therefore  advise  the  young  student,  whom 
doubt  hampers  quite  as  effectually  as  downright  ignorance,  to  avail 
himself  of  the  best  means  to  master  what  is  known,  and  thus  prepare 
himself  to  keep  abreast  the  general  progressive  movement,  and  to 
meet  the  -practical  difficulties  that  constantly  beset  the  way  of'  the 
discoverer. 

In  conclusion,  it  is  proper  to  say  that  only  such  examples  have  been 
cited  as  seemed  essential  to  prove  the  copiousness  and  capacity  of  the 
proposed  nomenclature.  A  more  complete  elucidation  and  application 
of  it  is  reserved  for  succeeding  papers. 


VOL.   XVI. 
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IV.    PHYSICS   OF   THE   GLOBE. 

1.    On  the  Periodicity  of  the  Aurora  Borealis.    By  Joseph 
LovERiNG,  of  Cambridge,  Mass. 

As  tills  paper  will  appear  in  full  in  the  Memoirs  of  the  American 
Academy  of  Arts  and  Sciences,  over  two  hundred  pages  of  which  were 
presented  in  sheets  to  the  Association,  only  a  brief  abstract  will  bo 
given  in  this  place.  I  was  incited  to  the  study  of  the  laws  of  period- 
icity of  the  aurora  by  the  absence  of  any  recorded  appearances  of  this 
display,  in  this  country,  before  the  early  part  of  the  eighteenth  century, 
a  failure  in  the  record  which  could  not  easily  be  explained  except  by  a 
failure  in  the  phenomenon  itself,  especially  when  it  is  considered  that 
the  early  settlers  of  New  England  were  not  likely  to  have  overlooked 
appearances  which  they  could  so  readily  associate  with  the  religious  or 
political  events  of  their  heaven-determined  destiny.  A  preliminary 
discussion  of  the  subject  was  first  published  in  the  American  Almanac 
for  18G0,  and  afterwards,  with  some  modification,  in  the  Memoirs  of 
the  American  Academy,  Vol.  IX.  p.  101.  But  I  was  soon  satis- 
fied that  no  satisfactory  solution  of  a  vast  problem  could'be  reached, 
which  was  built  on  anything  less  than  the  richest  materials  that  could 
be  gathered  from  the  records  of  science.  Much  time  has  been  ex- 
pended, therefore,  in  preparing  and  printing  a  complete  catalogue  of 
all  the  auroras  observed  from  the  earliest  times  dow'n  to  the  present 
year,  —  a  catalogue  which  comprises  about  ten  thousand  independent 
auroras  and  fifty  thousand  observations. 

The  discussion  of  these  materials,  so  far  as  it  has  yet  progressed, 
relates  especially  to  the  distribution  of  auroras  between  the  different 
days  and  months  of  the  year,  and  the  accuracy  with  which  this  distri- 
bution may  be  expressed  by  a  periodical  function.  The  subject  is  con- 
sidered, not  ojily  for  the  whole  earth,  but  also  separately  for  the  two 
hemispheres,  and  for  each  place  where  a  series  of  observations  has  con- 
tinued long  enough  to  justify  a  distinct  discussion.  The  number 
of  auroras  occurring  in  different  seasons  of  the  year  has  been  com- 
puted by  the  following  formula : 

N  =A  +  Ci  sin.  2  TT  (t  +  ci)  +  C2  sin.  4  tt  (t  +  C2)  +  C3  sin.  6  tt  (t  +  C3)  ; 
and  the  result  compared  with  the  observations.     The  mean  probable 
error  has  been  obtained  by  the  usual  rule  applied  to  the  differences  be- 
tween the  number  of  observed  and  computed  auroras.     The  formula  just 
paentioncd  is  the  .same  as  I  employed  in  1845  in  discussing  the  daily 
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clianges  of  temperature  and  magnetic  declination  at  Cambridge, 
Ma^s.*  In  1843  Ekiof  published  t  iit  llelsingfors,  Russia,  a  mathe- 
matical investigation  of  the  yearly  march  of  auroral  phenomena,  in 
which  he  employed  the  same  periodic  function  as  I  have  adopted. 
Copies,  however,  of  the  Scientific  Transactions,  in  which  Eklof  pub- 
lished his  labors  are  very  rare  in  this  country.  I  only  know  of  the 
single  one  which  I  had  recently  an  opportunity  to  examine,  in  the  Astor 
Library,  of  New  York.  As  Eklof  confined  his  inquiry  to  a  few 
places,  aiid  to  small  and  imperfect  catalogues  of  auroras,  what  I  have 
added  to  his  work  may  not,  perhaps,  be  superfluous. 

I  have  taken  notice  in  my  memoir  of  the  attempts  made  by  Mairan, 
Ritter,  Hoslin,  Quetelet,  Wartmann,  Boue,  Baumhauer,  Wolf,  A.  de 
la  Rive,  Fritz,  and  Littrow,  to  establish  relations  between  the  periods 
of  auroral  maxima  and  minima  and  those  of  shooting  stars,  meteors, 
earthquakes,  disturbances  in  the  earth's  magnetism,  or  the  sun's  in- 
flamed surface,  and  even  the  larger  nutation-period  of  the  earth's  axis^ 
to  say  nothing  of  hail-storms,  snow-storms,  lunar  halos,  windsj  etC; 

Since  the  first  two  hundred  and  forty  pages  of  my  Memoir  on  the 
Periodicity  of  the  Aurora  have  been  printed,  General  Lefroy,  formerly 
director  of  the  magnetic  observatory  in  Toronto,  Canada,  has  put  at 
my  disposal  his  large  accumulation  of  observations  in  British  Amer- 
ica ;  also  Prof.  Joseph  Henry,  Secretary  of  the  Smithsonian  Institu- 
tion, has  placed  in  my  hands  the  unpublished  records  of  meteorology 
ttiade  in  various  parts  of  the  United  States,  under  the  auspices  of  this 
institution,  in  accordance  with  the  comprehensive  plan  of  its  accom- 
plished Secretary.  With  these  new  and  rich  materials,  and  others 
not  specified,  to  which  I  have  had  access  since  my  first  catalogue  was 
printed,  I  have  been  induced  to  pause  in  the  midst  of  ray  discussion  of 
the  secular  periodicity  of  the  aurora,  and  print  a  supplementary  cata- 
logue. I  therefore  postpone  any  remarks  on  this  point  until  the  next 
meeting  of  the  Association,  when  I  hope  the  new  catalogue  will  be 
printed,  and  the  investigation  brought  to  a  conclusion.  However,  the 
additional  observations  contained  in  the  last  catalogue,  embracing,  as 
they  do,  but  a  short  period  of  years,  will  have  less  influence  upon  the 
question  of  the  .secular  periodicity  of  the  aurora  than  upon  its  yearly 
march  from  month  to  month,  at  Toronto,  Quebec,  Newfoundland, 
etc. ;  for  which  the  observations  in  the  first  catalogue  were  limited  to 
a  small  number  of  years. 

*  Memoirs  of  the  American  Acailcmy  of  Arts  jiikI  Sciencos.     HI.  41. 
t  Acta  Sue.  Sci.  Fenuic.  etc.     II.  302.  ' 
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2.  Remarks  o>r  Meteorological  Results  deduced  from  the 
New  Method  of  Registration.  By  G.  W.  Hough,  of  Al- 
bany, IST.  Y. 

(abstract.) 

A  DEFINITE  knowledge  of  the  laws  which  govern  atmospheric  phenom- 
ena, we  believe  can  only  be  attained  by  the  study  of  continuous  records. 
Isolated  observations  made  two  or  three  times  each  day,  on  tempera- 
ture, pressure,  etc.,  will  never  give  us  correct  views  regarding  the 
changes  continually  taking  place,  or  the  manner  in  which  they  are 
brought  about.  Observations  of  this  kind  have  been  of  great  value  in 
determining  some  of  the  more  general  laws  of  climate,  but  we  believe 
nearly  all  the  results,  capable  of  being  deduced  from  such  data,  liave 
been  attained.  AVe  must  therefore  look  for  a  more  complete  and  ex- 
tensive system  of  observation  for  the  deduction  of  the  special  laws 
governing  atmospheric  changes. 

During  tlie  past  two  years  there  has  been  in  successful  operation  at 
the  Dudley  Observatory,  a  registering  and  printing  barometer,  invented 
and  first  emploj^ed  at  this  institution.  This  instrument  gives  a  con- 
tinuous record  of  the  changes  of  atmospheric  pressure,  and  prints,  with 
type,  the  height  of  the  barometer  hourly.  It  also  records  the  total 
motion  of  the  barometrical  column,  or  in  other  words  the  total  amount 
of  atmospheric  disturbance ;  a  result  which  has  never  before  been 
attained.  During  the  past  year  instruments  of  the  same  kind  have 
been  in  operation  at  the  Chamber  of  Commerce,  New  York  City,  and 
at  Rutger's  College,  and  also  for  a  short  time  at  Dartmouth  College. 
The  comparison  of  the  continuous  records  made  at  these  places  has 
enabled  us  to  deduce  some  interesting  results. 

The  total  motion  of  the  barometrical  column,  for  the  year  1866,  was 
148. G  inches,  —  for  summer  62.1  inches,  and  for  winter  86.5  inches,  — 
which  is  equivalent  to  removing  the  whole  body  of  the  atmosphere  five 
times  every  year.  The  greatest  motion  was  in  the  month  of  March, 
the  least  in  June ;  in  the  former  case  19  inches,  in  the  latter  7  inches. 
There  is  apparently  but  little  difference  in  the  amount  of  the  motion 
for  the  different  mouths  from  May  to  September,  and  the  same  thing 
may  be  said  of  the  remaining  months  from  October  to  April.  This 
result  is  as  might  have  been  anticipated,  since,  during  the  summer, 
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the  ^veather  is  more  uniform  and  not  liable  to  so  great  changes,  while 
during  the  spring  and  winter  the  atmosphere  is  almost  constantly  in  a 
state  of  agitation. 

It  was  stated,  at  the  meeting  of  last  year,  that  we  believed  great 
storms  were  preceded  by  a  large  number  of  small  pulsations  in  the 
atmosphere,  and  that  these  pulsations  were  manifest  in  the  barometer 
by  the  distance  travelled  by  the  column  of  mercury  in  any  interval,  as 
compared  with  the  absolute  change  of  height  in  the  same  time. 

For  the  purpose  of  illustration,  we  will  suppose  the  barometer  has 
fallen  0.5  in.  in  24  hours.  Now,  if  in  passing  over  this  distance  there 
have  been  no  pulsations,  the  total  motion  will  only  amount  to  0.5  in. 
But  if  on  the  contrary,  the  column  has  been  in  a  state  of  agitation, 
the  whole  distance  travelled  by  the  mercury  in  falling  0.5  in.  may 
amount  to  two  or  even  three  inches. 

Hence  we  conclude  that  the  total  amount  of  atmospheric  disturbance, 
as  indicated  by  the  motion  of  the  barometrical  column,  is  intimately 
connected  with  the  state  of  the  weather,  the  disturbance  usually  pre- 
ceding great  storms  of  wind,  or  heavy  falls  of  rain  or  snow.  During 
the  year  1866,  there  were  eight  days  on  which  the  disturbance 
amounted  to  more  than  one  inch,  for  the  total  motion  of  the  column, 
and  on  one  day  the  motion  was  over  two  inches.  This  excessive  dis- 
turbance on  December  27th  was  followed  by  a  gale  of  wind,  and  on 
the  next  day  by  a  fall  of  16  inches  of  snow.  And,  generally  without 
exception,  these  excessive  disturbances  were  followed  eitlier  by  wind, 
or  a  fall  of  water.  The  storm  of  December  27th  and  28th  will  be 
remembered  by  every  one ;  it  was  a  great  storm,  extending  both  east 
and  west.  Previous  to  this  storm  the  height  of  the  barometer  only 
changed  three-tenths  of  an  inch,  but  the  total  motion  was  more  than 
seven  times  as  great,  going  to  prove  that  the  disturbance  is  of  more 
importance  in  predicting  storms  than  the  changes  of  barometrical 
height. 

The  continuous  record  of  the  barometer  gives  us  at  a  glance  a  gen- 
eral history  of  the  weather.  In  fact,  so  uniform  are  the  indications, 
that  from  an  inspection  of  the  curves,  together  with  the  records  of  the 
total  motion,  the  direction  and  appi'oximate  force  of  the  wind  and  the 
fall  of  rain  can  be  determined  with  considerable  precision.  At  Albany 
the  barometer  almost  invariably  rises  under  a  west  wind,  and  falls 
under  a  south  wind  owing,  perhaps,  to  the  influence  of  the  valleys  of 
the  Mohawk  and  Hudson. 
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It  has  long  been  known  that  the  barometer  has  a  dmrnal  variation, 
due,  we  presume,  almost  entirely  to  temperature.  From  the  monthly 
records  of  the  past  two  years,  we  have  deduced  the  diurnal  variation. 
It  is  found  that  in  the  mean  for  the  year,  the  barometer  is  at  its  mean 
height  four  times  each  day ;  viz.,  at  noon,  8^  P.  M.,  1  A.  M.,  and  4i- 

A.  M. 

The  followimr  are  the  times  of  Maxima  and  Minima  for  18G6. 


MIX. 

MAX. 

MIN. 

MAX. 

Year 

4  P. 

M. 

10  P.  M. 

3  A.M. 

10  A.  M 

Spring 

3    ' 

11   " 

3    " 

8    " 

Summer 

6     ' 

12    " 

8    " 

9    " 

Autumn 

4    ' 

10    " 

3    « 

10  " 

AVinter 

3     ' 

10    " 

3    " 

10  " 

It  appears  from  these  results  that  the  second  minimum  is  constant 
for  the  year.  The  principal  maximum  occurs  earlier,  and  the  princi- 
pal minimum  later,  in  summer  than  in  winter. 

The  daily  amplitude,  or  difference  between  the  principal  maximum 
and  minimum,  fqr  the  year  1866,  was  found  to  be  0.063  in. 

Atmospheric  pressure  is  generally  propagated  from  west  to  east,  but 
such  is  not  invariably  the  case.  There  is  but  little  difference  in  the 
time  at  which  the  barometer  reaches  the  highest  and  lowest  points  at 
New  York  and  Albany,  in  fact,  generally  the  curves  are  essentially 
identical.  The  examination  of  a  large  number  of  records  appears,  how- 
ever, to  indicate  that,  when  the  barometer  is  falling,  it  reaches  the 
lowest  point  soonest  in  New  York,  and,  when  risifig,  it  reaches  the 
highest  point  soonest  in  Albany. 
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I.     GEOLOGY  AND   MINERALOGY. 
1.    DEPEESSIOISr     OF     THE     OcEAN     DURING     THE     ICE     PeRIOD.        By 

Charles  Whittlesey,  of  Cleveland,  Ohio. 

It  is  a  well  settled  truth  in  geology,  that  soon  after  the  era  of  the 
Pliocene  tertiary,  a  large  portion,  of  the  earth  around  the  poles  was 
coated  with  ice.  It  is  not  well  settled  to  what  this  depression  of  tem- 
perature was  due  ;  but  it  will  probably  be  found  to  be  owing  to  astro- 
nomical changes,  during  which  the  angle  between  the  ecliptic  and  the 
equator  was  different  from  what  it  is  at  present.  . 

I  do  not  propose  to  examine  this  question,  at  this  time,  but  to  show 
that  there  must  have  been,  during  the  glacial  period,  a  material  de- 
pression of  the  surface  of  the  ocean. 

The  land  in  the  Northern  Hemisphere  bears  abundant  proofs  of  sub- 
mergence towards  the  close  of  this  period,  up  to  elevations  that  are 
now  2,000  feet  above  tide-waters.  Whether  this  submergence  was, 
.due  to  a  rise  of  the  waters,  or  to  a  subsidence  of  the  land,  I  do  not  pro- 
pose to  discuss.  The  change  I  wish  to  present  to  your  consideration 
is  one  which  must  have  taken  place  while  the  ice  period  was  coming  on 
and  which  must  have  been  occasioned  by  a  depression  of  the  waters. 

Accumulations  of  ice  and  neve  can  only  occur  on  land  by  deposition, 
in  the  form  of  rain  and  snow,  which  becomes  congealed..  The  ultimate 
source  of  this  deposition  is  evaporation  from  the  open  surface  of  the 
sea.  Inland  lakes,  rivers,  swamps,  and  low  lands  furnish  vapor  to 
the  clouds  ;  but  all  fresh  water  basins  receive  their  supply  originally 
from  the  ocean. 

The  water  line,  or  level  of  the  sea,  remains  fixed,  only  because  the 
amount  of  water  taken  up  in  vapor  from  its  surface  is  returned  to  it 
through  the  rivers  of  the  globe.  If  the  water  deposition  on  the  surface 
of  the  land  is  not  returned  to  the  sea,  it  must  be  subtracted  from  the 
mass  of  the  common  reservoir. 
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The  era  of  ice  came  on  by  a  slow  but  regular  decrease  of  tempera- 
ture. At  the  present  time,  the  area  of  perpetual  ice  is  small  in  com- 
parison with  the  entire  surface  of  the  earth  ;  but  in  the  glacial  epoch 
it  was  much  larger.  Let  us  imagine  a  depression  of  temperature  to 
occur  now,  throughout  the  regions  towards  the  poles.  A  loss  of  one 
degree  of  heat  (Fahrenheit)  annually  would  cause  the  snow  line  to 
descend  300  feet  per  year,  thus  enlarging  the  area  of  perpetual  congel- 
ation. Around  the  base  of  all  high  mountain  ranges,  all  the  territory 
300  feet  below  the  previous  snow  line  would  become  a  retaining  surface, 
no  longer  giving  back  its  depositions  to  the  sea.  Rivers  would  contin- 
ually become  shorter  and  smaller.  The  inland  lakes  would,  in  process 
of  time,  become  ice-bound,  and,  as  the  continental  masses  accumulated, 
they  would  encroach  upon  the  ocean  itself. 

In  the  central  portions  of  British  North  America  and  Asia,  this 
accumulation  would  attain  during  a  long  period  of  time  a  great  thick- 
ness. I  think  the  observations  show  that  in  all  ice  masses  there  is  a 
gradual  but  resistless  outward  motion.  They  would  not  oply  crowd 
into  the  basins  of  the  great  lakes,  but  into  the  bays,  straits,  and  minor 
seas,  connecting  with  the  ocean.  The  Arctic  Sea  would  be  very  much 
diminished  in  extent,  and  the  sea  of  Okhotsk,  of  Kamtchatka,  Hudson's 
Bay,  Baffin's  Bay,  and  the  Baltic,  would  eventually  be  tilled  up  and 
become  ice-fields,  from  which  evaporation  would  measurably  cease. 

On  the  coasts  of  Russian  America,  of  Labrador,  Greenland,  Iceland, 
Xorwa)',  and  Siberia,  the  continents  would  constantly  gain  upon  the 
sea,  so  as  eventually  to  connect  Europe,  America,  and  Asia,  along  the 
Arctic  Circle. 

The  Antarctic  Continent,  now  occupying  about  10  degrees  of  latitude 
around  the  southern  pole,  would  also  increase  in  size  towards  the  equa- 
tor and  connect  with  Terra  del  Fuego,  where  glaciers  still  exist.  The 
glacier  fields  of  the  Andes  would  enlarge  towards  the  south,  and  join 
with  those  of  Patagonia.  Those  of  the  Alps  pushing  northward  over 
Switzerland,  across  the  chain  of  the  Jura,  would  meet  those  of  Scandi- 
navia in  Central  Europe.  In  North  America  there  are  existing  gla- 
ciers on  the  Rocky  Mountains  as  far  soutli  as  latitude  51°  north,  and 
it  is  reported  that  Bierstadt  discovered  one  as  low  as  latitude  45°,  of 
which  he  has  given  a  striking  picture,  from  sketches  made  on  the  spot. 

A  projecting  tongue  of  the  North  American  ice  field  would  project 
southerly  along  the  Rocky  Mountain  range  towards  New  Mexico  and 
perhaps  into  Mexico  proper. 
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If  the  area  of  tins  immense  field  of  congelation  could  be  determined, 
its  extent,  compared  with  the  remaining  water  field  of  the  earth's  sur- 
face, being  known,  the  depression  of  the  waters  by  evaporation  could 
also  be  determined.  To  obtain  the  absolute  depression,  it  is  further 
necessary  to  know  the  duration  of  the  ice  period  or  the  average  thick- 
ness of  the  ice  over  the  area  of  congelation. 

Geologists  have  not  yet  determined  accurately  the  limits  of  glacial 
action  even  in  the  Northern  Hemisphere.  In  Central  Asia  those  limits 
are  quite  conjectural.  The  tendency  of  the  observations  now  going  on 
is  to  enlarge  the  extent  of  the  ancient  ice-fields. 

After  an  examination  of  the  ancient  ice  areas  in  North  America, 
Europe,  and  Asia,  I  regard  them  as  equal  to  one-fifth  the  present 
land  surface  of  the  Northern  Hemisphere.  The  enlargement  of  the 
continental  spaces  over  the  adjacept  seas,  including  the  Antarctic  Con- 
tinent, I  assume  to  be  as  much  more.  If  this  assumption  is  correct, 
there  was  a  period  when  one-fifth  of  the  land  of  the  globe  presented  a 
congealed  surface,  and  the  remainder  an  evaporating  surface.  Of  this 
evaporating  surface,  however,  those  parts  which  were  then  land,  not 
covered  with  ice,  derived  their  water  of  deposition  from  the  ocean, 
circumscribed  in  the  manner  I  have  indicated. 

The  dry  land  of  all  the  continents  is  now  estimated  to  be,  in  refer- 
ence to  tlie  ocean,  as  one  to  three,  the  land  embracing  one-fourth  and 
the  water  three-fourths  of  the  surface  of  the  globe  ;  or  as  thirty-seven 
millions  of  square  miles  is  to  one  hundred  and  eleven  millions.  Two- 
fifths  of  thirty-seven  millions  is  one-tenth  of  the  surface  of  the  earth, 
and  about  fifteen  millions  of  square  miles. 

.  We  cannot,  at  present,  fix  the  average  thickness  of  the  ice  covering 
as  satisfactory  as  we  can  its  extent.  In  New  England,  it  does  not  ap- 
pear to  have  reached  the  tops  of  all  the  mountains,  but  only  a  height 
of  four  thousand  three  hundred  to  five  thousand  three  hundred  feet. 
Over  the  region  of  the  great  Lakes,  the  glacial  etchings  upon  the 
rocks  extend  to  the  summits* of  the  countr}'',  which  are,  however,  not 
more  than  two  thousand  feet  in  elevation.  The  ice  covering  must 
liaVe  exceeded  this  height  by  several  hundred  feet. 

All  the  country  around  Hudson's  Bay,  the  valleys  of  the  Copper 
Mine,  the  McKenzie  and  the  Saskatchawan  Rivers,  is  a  rocky  plateau, 
nowhere  rising  above  two  thousand  feet,  until  the  base  of  the  Eocky 
Mountains  is  reached. 

In  Northern  Asia,  there  are  still  larsrer  areas  which  are  destitute  of 
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mountains.  Over  these  level  spaces  the  accumulation  must  have  been 
heavier  and  of  more  uniform  thickness  than  in  more  elevated  and  bro- 
ken regions.  Dr.  Hayes  penetrated  the  great  mer  de  glace  of  Green- 
land, —  a  distance  of  seventy  miles.  At  that  distance,  directly  interior, 
it  had  an  elevation  of  five  thousand  feet,  presenting  a  smooth  surface 
covered  vrith  snow.  This  is  the  largest  ice  field  of  the  present  era, 
known  tons  in  the  Northern  Hemisphere  ;  covering  about  four  hundred 
thousand  square  miles.  It  is  pi-obably  not  an  exaggerated  estimate  of 
this  mass  of  ice,  to  regard  it  as  equal  to  eighteen  hundred  feet  of 
M'ater  over  the  same  area,  which,  spread  suddenlj^  over  the  surface  of 
tlie  ocean,  would  raise  it  between  three  and  four  feet. 

The  Antarctic  Continent  is  much  larger  than  Greenland,  and  the 
ice  covering  is  probably  thicker.  It  must  embrace  from  one  million  to 
one  million  five  hundred  thousand  square  miles.  Its  sudden  liquefac- 
tion would  give  to  the  sea  an  elevation  of  about  twelve  feet. 

In  case  the  glacier  regions  of  the  Alps,  of  Arctic  America,  Patagonia, 
the  Himalayas,  and  Arctic  Asia  should  suddenly  become  warm,  and 
the  ice  accumulations  of  thousands  of  centuries  be  reduced  to  water, 
seeking  the  sea  through  natural  channels,  nearlj^  two  hundred  thousand 
square  miles  more  of  congealed  matter  would  be  returned  to  the  ocean 
in  a  liquid  form. 

The  density  of  the  ice  covering  is  another  undetermined  element. 
As  compared  with  salt  water,  the  icebergs  of  the  north  vavj  in  weight 
or  specific  gravity  from  one-eighth  to  one-sixth.  Their  age,  the  ])ves- 
sure  to  which  they  have  been  subjected,  and  the  length  of  time  they 
have  been  afloat,  each  has  its  effect  upon  the  solidity  of  the  mass. 

Assuming  a  specific  gravity  for  solid  ice  of  0.90  of  fresh  water,  an 
average  thickness  of  two  thousand  feet  represents  about  eighteen  hun- 
dred feet  of  water  spread  over  the  same  area.  This  body  of  water 
covering  one-tenth  of  the  surface  of  the  earth,  evenly  distributed  over 
the  remaining  nine-tenths,  is  equal  to  about  one  hundred  and  ninety 
feet.  The  same  quantity  abstracted  from  an  ocean,  covering  onlj'-  nine- 
tenths  of  the  globe,  would  depress  the  level  a  greater  number  of  feet ; 
because  the  mass  would  diminish  as  its  surface  should  be  lowered. 
Besides,  from  the  area  of  evaporation  there  should  be  deducted  the 
land  surface  of  that  period,  which,  if  it  bore  the  same  relation  to  the 
sea  as  it  does  now,  would  be,  on  tlie  basis  of  my  calculations,  twonf}^- 
two  millions  of  square  miles  to  be  taken  out  of  one  hundred  and 
eleven  millions.     The  open  sea  would  be  then  restricted  to  less  than 
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ninety  TnilHons  of  miles,  perhaps  to  not  more  than  one-half  the  surface 
of  the  globe. 

From  all  these  considerations,  at  the  period  of  greatest  cold,  the  de- 
pression of  the  ocean  level  should  be,  at  least,  three  hundred  and  fifty 
or  four  hundred  feet.  As  the  waters  retired,  the  configuration  of  all 
the  continents  woidd  change;  groups  of  islands,  like  the  West  Indies, 
would  unite,  forming  a  smaller  number  of  islands,  but  of  larger  area; 
new  points  would  appear  above  the  ocean  level,  and  large  shoals,  like 
those  of  Newfoundland,  become  dry  land.  On  these  newly  exposed 
surfaces,  the  temperature  constantly  falling,  and  ice  and  snow  accumu- 
lating, the  general  reign  of  cold  would  be  accelerated.  The  equilibri- 
um between  the  warm  and  fluid  portions  of  the  earth  and  the  solid 
and  cold  portions  being  destroyed,  the  difference  in  favor  of  the  frigid 
portions  would  go  on  increasing  until  checked  by  a  return  to  the  pre- 
vious astronomical  status.  The  belt,  or  zone,  of  temperate  climate 
along  the  equator  would  be  contracted  as  the  frozen  zones  were  en- 
larged. 

When  the  epoch  of  ice  reached  its  maximum,  the  return  to  the  pre- 
vious condition  of  the  earth's  surface  must  have  been  gradual.  The 
surface  of  the  ocean  would  rise ;  and  in  case  a  period  of  higher  tem- 
perature than  the  present  succeeded  the  ice  period,  the  sea  level  must 
have  been  higher  than  now. 

As  the  stability  of  the  ocean  level  depends  upon  such  slight  varia- 
tions of  terrestrial  temperature,  it  is  remarkable  that  it  should  be  so 
well  fixed.  It  must  be  that  there  are  compensations  in  nature  to  pre- 
serve this  stability. 

Prof.  Hall  has  long  advocated  the  theory  that  heavy  accumulations 
of  transported  materials,  at  the  bottom  of  the  sea,  will  eventuallj'  settle 
by  their  own  weight.  In  that  case  a  corresponding  rise  should  take 
place  in  some  adjacent  region.  If  this  position  is  a  sound  one,  heavy 
accumulations  of  ice  should  produce  the  same  results.  There  is  some 
evidence,  now  available,  to  confirm  this  theory.  The  coast  of  Green- 
land is  reported  to  be  sinking,  and  that  of  Newfoundland  to  be  rising. 

During  the  ice  period,  a  material  portion  of  the  mass  of  the  globe 
was  transferred  from  the  equatorial  seas  in  the  form  of  vapor,  and  accu- 
mulated towards  the  poles,  along  and  outside  of  the  Arctic  circles. 
Unless  there  is  a  mode  of  compensation,  the  figure  of  the  earth  was 
somewhat  changed  by  this  transfer.  Itsoblateness  would  become  less, 
and  its  period  of  diurnal  revolution  would  be  altered. 
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Tho  large,  level  regions  in  British  Anu-rica,  east  of  the  Rocky 
Mountains,  would,  be  tho  seat  of  a  deposition  of  rain,  forming  ice, 
ndve  antl  snow,  of  great  thickness,  as  is  seen  in  Greenland  now  ;  only 
the  accumulation  would  be  as  much  heavier  as  the  area  is  larger. 

The  motion  which  occurs  in  all  ice  fields  towards  the  sea,  or  towards 
the  thawing  edges,  is  so  slow  as  to  require  extremely  long  periods  of 
time  for  their  destruction.  During  this  epoch,  a  new  burden  rested 
upon  the  eartli,  along  a  belt  corresponding  nearly  with  the  Arctic  and 
Antarctic  Circles,  rising  from  three  thousand  to  six  thousand  feet.  A 
gradual  settling  of  tliese  regions  may  have  occurred  from  this  cause, 
in  case  this  position  will  bear  investigation  and  is  a  true  one,  we  shall 
have  a  much  better  explanation  of  tlie  drift  plateaus,  ridges,  and  terra- 
ces of  the  ({uaternary  period,  which  exliibit  o.scnllations  of  level.  A 
movement  of  elevation  only  is  not  sufficient.  Thoy  involve  changes  of 
level  in  both  directions,  alternatelj' up  and  down,  of  which  we  have  not 
sufficient  proof  in  the  sudden  upheavals  and  depressions  of  the  rocky 
strata  at  tlnit  epoch.  On  Lake  Ontario  we  have  marine  clays  in  the 
same  present  horizon  with  fresh  water  clays  on  Lake  Erie,  belonging  to 
the  drift  period.  If  the  interior  of  the  continent  went  down,  the  natural 
result  would  be  a  simultaneous  rising  of  the  adjacent  coast,  bi'inging 
up  tlie  marine  deposits. 


2.    AbSTUACT     of    TvEMAUKS    UPON"    THE     OcCURREN'Ci:    OF    IroN    iJf 

]\LissKs.     By  Charles  Whittlesey,  of  Cleveland,  Ohio. 

I  DO  not  propose  to  go  into  local  details  concerning  the  oc<;urrence 
of  masses  of  iron  ore,  witli  the  exception  of  the  great  belt  of  hematite 
ores,  extending  fr.jui  the  K)wer  Susquelianna,  in  Pennsylvania,  north- 
easterly through  New  Jersey,  New  York,  Connecticut,  Massachusetts, 
and  nearly  through  Vermont ;  neither  shall  I  speak  of  the  ores  of  the 
coal  series,  which  occur  in  thin  bands  and  not  in  masses. 

On  this  general  map  of  the  United  States  and  of  Canada,  I  have 
colored  the  important  iron  centres  black,  but  the  scale  is  too  limited  to 
represent  tlieir  form  and  extent  in  proper  pi-oportions.  The  first 
mountains  of  iron  ore  which  attracted  attention  in  this  country  were 
those  of  Missouri,  about  eighty  mihts  south  of  St.  Louis.  Here  the 
iron  knolls,  masses,  and  n)ountains  ajjpeai",  like  the«degraded  edges  of 
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heavy  ferruginous  strata,  in  metamorphic  beds,  wliicli  have  a  porplij'- 
ritic  aspect.  Tlie  ore  is  nearly  pure  specular  oxide,  in  inexliaustible 
quantities;  although  the  territory  over  which  it  is  found  is  nuicli  less 
than  in  Michigan. 

About  five  hundred  miles  north  of  the  iron  mountains  of  IMissouri,  on 
the  waters  of  Lake  Superior,  occur  the  iron  mountains  of  Michigan  and 
"Wisconsin.  Those  in  the  latter  State  occupy  a  belt  about  thirty  miles 
in  length,  extending  south-westerly  from  the  boundary  on  Montreal 
River,  at  a  distance  of  ten  to  twenty  miles  from  the  lake.  This  ore 
is  ivUolhj  magnetic,  and  occurs  as  a  stratum,  in  a  belt  of  stratified 
azoic  quartz,  dipping  north-westerly  at  a  high  angle  beneath  the 
copper-bearing  trap.  It  is  fine-grained,  black,  frequently  laminated, 
in  plates  with  sharp  edges,  free  of  sulphur,  phosphorus,  arsenic,  or 
other  chemical  impurities.  The  quantity  is  inexhaustible,  — probably 
the  accompanying  rocks  are  metamorphic.  They  are  almost  entirely 
composed  of  silex,  or  silex  and  hornblende.  The  order  of  succession 
downwards  is 

1st.  Potsdam  Sandstone,  of  great  thickness,  at  least  ten  thousand 
feet,  dipping  north-westerly  at  a  high  angle  of  seventy  to  ninety  de- 
grees beneath  Lake  Superior. 

2d.  Copper-hearing  trap,  a  continuation  of  the  Point  Kewenaw 
Range,  dipping  conformably  under  the  sandstone. 

3d.  Rocks  of  a  trappose  cast  externally ;  but  the  analyses  show  no 
relation  to  trap,  highly  crystalline,  red,  blue,  and  black,  dip  conform- 
able to  the  superior  beds,  but  not  as  steep ;  thickness  two  to  two  and 
a  half  miles. 

4th.  QuaHz  beds,  conformable  and  often  slaty  ;  thickness,  half  a 
mile  ;  color  white,  gray,  blue,  and  black ;  a  band  of  magnetic  ore  near 
the  centre,  but  not  everywhere  workable. 

5th.  Granites  and  Sienites  of  Central  Wisconsin.  Ko  crystalline 
limestone  has  yet  been  discovered  in  the  formations  here  noticed. 

It  is  about  one  hundred  and  ten  miles  to  the  eastward  of  this  iron 
belt  to  the  exposures  of  iron  slates,  on  the  head  waters  of  the  Meno- 
minee River,  near  the  Twin  Falls,  on  the  boundary  between  Michigan 
and  Wisconsin.  Here  ferruginous  masses  form  an  important  portion 
of  the  azoic  rocks.  They  are  both  magnetic  and  specular.  The  adja- 
cent rocks  are  siliceous  slates,  red,  gray,  dun,  and  black,  all  containing 
iron.  There  are  hornblende  slates  and  flags,  and  bands  of  blue,  gray 
red,  and  variegated  marble. 
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Proceeding  uortli-eastorly  from  tlie  Menominee  towards  Marquette, 
tile  rocks  become  more  trappose,  and  the  iron  ore,  which  is  principally 
specular,  but  sometimes  magnetic,  becomes  less  slaty  and  more  mas- 
sive. The  iron  district  is  irregular  in  form,  the  longest,  or  east  and 
west  diameter,  being  about  one  hundred  miles,  and  the  north  and 
south  fifty  miles  in  length.  Heavy  beds  of  quartz  and  dolomite  char- 
acterize this  region  ;  but  there  cannot  be  traced  in  it  the  regular  strat- 
ification of  the  Montreal  and  Bad  River  country.  Both  the  quartz 
and  tlie  marble  constitute  immense  elongated,  flattened,  and  crooked 
bunches,  not  extending  through  tlie  region  as  a  connected  system.  In 
tlie  eastei'ly  part  of  this  great  iron-producing  field,  nearest  to  Mar- 
quette, the  trap  ranges,  and  their  huge  bunches  of  ore,  partake  of  the 
same  form  and  irregularity.  The  field  is  known  as  part  of  the  azoic 
series,  in  the  lloports  of  Foster  and  Whitney,  embracing,  in  addition  to 
the  marbles  and  siliceous  slates,  some  micaceous  schists  and  argillaceous 
and  luirnbli'nde  slates.  It  is  bounded  on  the  nortli  and  soutlhj.by 
mountains  of  sienite  and  granite,  having  enclosed  masses  of  hornl_)lende 
rock,  and  occasionally  dykes. 

In  the  Canadian  Reports,  the  Azoic  system  of  Foster  and  Whitney 
is  regarded  as  metamorphic,  and  divided  between  the  Huronian  and 
Laurentian  formations. 

Adjacent  to  the  masses  of  ore  hitherto  wrought,  is  a  rock  wliich  the 
miners  call  *'  greenstone,"  generally  a  homogeneous,  but  sometimes 
slaty,  soft,  light  green  rock,  forming  mountain  ridges,  the  analysis  of 
which  corresponds  with  trap.  It  contains  a  large  per  cent,  of  oxide  of 
iron,  and  passes  gradually  into  workable  ore.  There  is  no  regularity 
of  dip  among  tliese  greenstone  ridges,  nor  in  the  inclilded  ore  beds, 
nor  are  they  continuous  or  strata-like  in  the  direction  of  the  ridges, 
but  only  more  elongated  in  that  direction.  Tlie  ore  masses  are  not 
separated  by  planes  of  division  from  the  adjacent  rocks.  x\.ll  of  tiie 
rocks,  composing  the  iron-bearing  series,  extend  easterly  into  tlie 
Lake,  at  Marquette  ;  but  no  workable  masses  of  ore  have  been  found 
nearer  to  navigable  water  than  fourteen  miles.  A  railway  extends 
about  thirty-five  miles  into  the  region  to  Matchigamni  Lake,  Avithout 
reaching  its  central  portions.  The  supply  is  incalculably  large  ;  and 
its  present  importance  is  shown  by  the  amount  of  ore  shij)ped,  or 
manufactured  in  1867,  which  exceeds  four  hundred  and  fifty  thousand 
gross  tons.  Of  this,  about  three-fourths  is  specular,  the  remainder 
mostly  hematite,  forming  a  portion  of  almost  every  mine,  and  a  few 
thousand  tons  of  magnetite. 
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In  tlie  Laiu'cntiati  system  of  Canada  there  are  several  remarkable 
deposits  of  iron-  ore,  principally  magnetic  and  crystalline.  Tliey  are 
found  on  Lake  Nepissing,  north  of  Lake  Huron,  at  Bay  St.  Paul,  on 
tlie  St.  Lawrence,  wliere  the  ore  contains  a  large  per  cent,  of  titanic 
acid,  and  on  tlie  Kideau  Canal,  at  Mud  Lake,  midway  between  King- 
ston and  Ottawa.  But  the  largest  masses,  approaching  those  of  Mich- 
igan and  Missouri  in  size,  are  at  Marmora,  near  the  gold  field  of 
J\[adoc,  on  the  waters  discharging  into  the  Bay  of  Quinte.  None  of 
these  mines  have  as  yet  furnished  much  ore  to  commerce,  owing, 
probaldy,  to  the  low  state  of  iron  manufacture  in  Canada. 

Tlie  rocks  composing  the  mountainous  region  of  Northern  New  York 
are  outliers  of  the  great  Laurentian  field  in  Canada.     Here,  over   a 
space  nearly  one  hundred  miles  in  diameter,  iron  ore,  in  general  of  the 
magnetic  variety,  is  everywhere  found.     It  occurs  in  veins  or  beds,  or 
both,  different  explorers  using  these  terms  intei-changeably.     Tlie  ore  is 
noLfound  in  masses  like  those  at  IVIarquette.    Large  numbers  of  the  de- 
posits are,  however,  thick  enough  to  be  wrouglit.     It  is  only  the  rough, 
impracticable  character  of  the  country  which  has  prevented  the  vast 
iron  region  of  the  Adirondack  from  being  penetrated  by  railroads,  and 
exposing  numberless  mines.     At  present,  only  the  eastern  edge  of  tlie 
region,  which  approaches  within  a  few  miles  of  Lake  Champlain,  is  ac- 
cessible.    The  ore  is  even  yet  brought  to  navigation  by  teams  over 
rough  roads,  from  whence  it  is  shipped  to  the  furnaces  on  the  waters  of 
the  Hudson.      A  few  thousand  tons  are  aninially  transported   to   the 
works  in  Ohio,  at  and   near  Cleveland.     It   is   generally   crystallini', 
easily  crushed,  makes  a  tough  metal,  and  is  particularly  good  for  lin- 
ing to  puddling  furnaces.     Besides  the  micaceous  and  quartzose  beds  of 
the   Northern   Laurentian,  the   New  York   portion   of  the   formation, 
especially  the  south-eastern  portion  of  it,  embraces  hypersthene  rocks 
in  great  force  ;    but    the  limestones   are  wanting.      On    the    waters 
of    the    Oswegatchie,    near  the  junction  of  the  overlying    Potsdam, 
in    St.    Lawrence  County,  there    are  large  irregular  deposits  of  red 
ochrey  hematite.     In  connection  with  these   hematites  are  elongated 
masses  of  crystalline  limestone,  such  as  accompany  the  hematite  beds 
of  the  Taconic  range  in  Connecticut  and  Massachusetts.     After  pene- 
trating from  the  hematites,  on  the  Oswegatchie,  a  short  distance  east- 
ward, into  the  Laurentian   field,  the  black,  rich,  magnetic  ores  of  the 
Adirondack  are  met  witli,  having  the  usual  form  of  beds,  or  veins,  per- 
haps both.     Wherever  this  wild  region   has  been  penetrated,  whether 
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l>y  liiiiiters,  fislicrinaii,  or  explorers,  their  reports   agree,  that  iron  ore 
exists  in  quantities  literally  inexhaustible. 

Thus  the  notable  deposits  of  magnetic  and  specular  iron  ore  are 
found  associated  with  the  quartz  rocks,  hornblende  rocks,  porphyry, 
micaceous  schists,  and  dolomitic  marbles,  composing  the  most  ancient 
metamorphic  series.  If  the  metamorphism  of  the  Laurentian  and  Hu- 
ronian  formations  shall  be  regarded  as  an  established  geological  fact, 
the  separation  of  the  oxides  of  iron  from  these  rocks  into  veins,  beds,  and 
masses  can  be  easily  accounted  for.  All  sedimentary  strata  contain 
the  oxides  of  iron;  and  any  agent  powerful  enough  to  change  the 
crystalline  form  of  rock  would  bring  about  a  concentration  of  their 
minerals.  Metals,  their  oxides  and  salts,  possess  an  inherent  quality 
of  segregation.  Whenever  the  condition  of  the  enclosing  strata  is 
such  as  to  allow  of  motion  among  particles  having  the  affinity  of  segrega- 
tion, they  must  obey  this  affinity  and  become  more  concentrated.  The 
l^oints  about  which  the  concentration  takes  place  are  determined  b}^ 
the  accidents  of  fracture,  change  of  density,  divisional  planes,  and  even 
by  the  presence  of  fossils. 

There  are  very  important  deposits  of  iron  oxide  in  the  sedimentary 
rocks  of  the  United  States  that  do  not  come  under  the  head  of 
masses.  Of  these,  the  most  persistent  and  wide-spread  is  that  belong- 
ing to  the  Clinton  group  of  limerocks  which  is  generally  oolitic  in 
structure.  In  Wayne  County,  New  York,  there  is  a  remarkable  out- 
crop of  this  ore  about  twenty  miles  in  length.  In  Wisconsin  it  has 
been  opened  in  Dodge  and  Brown  Counties,  several  feet  in  thickness. 
On  the  Upper  Juniata,  in  Pennsylvania,  and  thence  south-westerly,  in 
the  same  formation  through  Maryland  into  Virginia,  it  has  been  dis- 
covered and  worked  at  numerous  points.  It  exists  in  force  in  the 
same  geological  horizon  in  Eastern  Tennessee,  extending  southerly  into 
Alabama,  under  the  name  of  "  dyestone  ore."  As  a  general  rule,  it 
produces  a  soft  iron  of  superior  quality,  and  is  very  easily  reduced  in 
the  furnace. 

But  the  iron-bearing  belt,  which  is  best  known  to  manufacturers  be- 
cause it  has  been  long(!st  and  most  extensively  wrought,  belongs  to 
the  Green  Mountain  range  of  Vermont,  and  extends  thence  southerly 
through  jNIassachusetts,  the  north-western  corner  of  Connecticut,  and 
Eastern  New  York,  crossing  the  Hudson  River  near  Fishkill,  thence 
aeross  the  north-western  part  of  New  Jersey  into  Pennsylvania,  and 
across  the  Sus(piehanna  into  ^laryland,  —  a  distance  of,  at  least,  three 


102  l:.    XATUUAL    inSTOltY. 

hundred  and  fifty  miles.  A  large  pai't  of  this  range  is  now  regarded 
as  a  part  of  tlio  lower  silurian  system,  in  a  highly  metamorphosed  con- 
dition. 

.  After  crossing  the  Hudson,  the  hematites  diminish  in  quantity, 
being  partially  replaced  towards  the  south-west  by  magnetic  ores,  or 
by  beds,  veins,  and  masses  containing  both  varieties.  The  same  met- 
amorphic  belt,  existing  in  very  different  degrees  of  change,  which  ex- 
tends southerly  through  Virginia  and  North  Carolina  into  South  Caro- 
lina, near  King's  Mountain,  carries  everywhere  deposits  of  iron  ore, 
but  more  magnetic  than  hematite.  In  this  quarter,  no  great  mines 
have  been  opened  ;  not  from  the  lack  of  ore,  but  from  the  absence  of 
enterprise.  The  most  southerly  mine,  developed  on  a  large  scale,  is 
the  famous  Cornwall  ore  bed,  in  Berk's  County,  Pennsylvania.  Ac- 
cording to  Mr.  Lesley,  it  belongs  to  the  Upper  Potsdam.  The  ore  is 
principall}'^  hematite,  with  pyrites  and  some  magnetite.  There  are 
trap  dykes  intersecting  the  mass,  to  which,  no  doubt,  some  of  the 
metamorphism  and  segregation  is  due.  Similar  masses  are  well  de- 
veloped in  the  same  horizon  in  Buck's  and  Lancaster  Counties  at 
Chestnut  Hill,  and  at  the  Warwick  mines. 

In  order  to  compare  the  mode  of  occurrence  iiere  with  that  in  Con- 
necticut and  Massachusetts,  I  quote  from  Lesley's  exhaustive  work  on 
the  Iron  Manufacture  of  the  United  States,  p.  560,  —  a  local  section 
made  by  Prof  Rogers.  The  mine,  near  Safe  Harbor,  on  the  Susque- 
hanna, had,  in  1858,  readied  a  depth  of  one  hundred  and  thirt}'-- 
eight  feet.  It  is  situated  between  Potsdam  slates  and  magiiesian 
limestone,  F.  2,  dip  40°. 

THICKXESS. 

1.  Mica  slate,  ......     14  feet. 

2.  Sandy  ore,       ......  not  given. 

3.  Brown  hematite  ore,  solid,  .         .         .      G  feet. 

4.  Mica  slate, 10     " 

5.  Blue  talc  slate,  ...         .         .         .30     '• 

It  is  to  these  remarkable  hematite  bunches,  extending  from  the 
Susquehanna  north-easterly  to  and  across  the  Hudson,  and  thence 
to  the  Otter  River,  in  Vermont,  that  I  propose,  to  devote  the  remain- 
der of  this  paper.  There  has  been  a  great  diversity  of  opinion  among 
geologists  on  the  origin  of  these  deposits.  B}'^  hastily  grouping  their 
leading  characteristics,  light  will  be  thrown  upon  this  question.  A 
group  of  hematite  mines  about  Saegersville  and  Trouton,  in  Lehigh 
County,  Pa.,  whidi  have  been  lonv;  wrought,  are  in  close  relations  with 
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lower  Silurian  limerbck.  This  association  with  limestone,  generally 
crystalline,  is  the  marked  feature  of  the  massive  hematites.  The  ex- 
tensive mines  near  Allentown  and  Bethlehem,  Pa.,  are  also  in  contact 
with  limestone  beds  of  the  same  age,  constituting  in  an  altered  condi- 
tion, the  '■'  Quebec  Group  "  of  Canada.  On  the  same  geological  range, 
travelling  to  the  north-east,  in  New  Jersey,  near  the  line  of  Xew  York, 
at  the  base  of  Pochunk  Mountain,  is  a  repetition  of  the  red  hematite 
masses.  Its  dip  is  steep  to  the  east-south-east,  lying  between  beds  of 
gneiss,  altered  felspar  or  kaolin,  and  crystalline  limestone,  belonging  to 
Formation  Xo.  2. 

Tlie  Townsend  mine,  at  Cornwall,  Orange  County,  N.  Y.,  is  in  the 
same  formation.  At  Westchester,  X.  Y.,  the  ore  is  alternated  with 
layers  of  clay  (altered  felspar)  and  sand.  At  the  Prescott  Bank,  in 
Hillsdale,  crystalline  limestone  forms  (according  to  Prof.  Hodge)  the 
base  of  the  mine.  The  Fishkill  mine  is  between  strata  of  limerock. 
F.  3  (Hodge).  Its  section  is  thus :  ore,  with  a  band  of  slate,  fourteen 
feet ;  clay,  fifteen  feet ;  ore,  six  feet.  In  Columbia  and  Duchess 
Counties,  N.  Y.,  the  ore  lies  generally  at  the  junction  of  the  Potsdam 
and  calciferous  (F.  2),  resting  on  limerock,  with  mica  slate  above.  The 
dip  is  twent}'  to  sixty  east  (Mather).  The  Amenia  banks  are  be- 
tween talcose,  or  tal co-micaceous  schists  and  limestone. 

In  Dover,  X.  Y.,  six  miles  west  of  the  Housatonic  River,  the  nearest 
visible  rocks  are  the  mica  slate  (Hitchcock). 

Proceeding  northerly,  there  are  old  openings  at  Kent,  on  the 
Connecticut  and  New  York  line,  where  the  foot-wall  is  micaceous 
gneiss,  then  ore  and  green  earth  twelve  feet  thick ;  dip  easterly, 
60°  to  80*.  At  Indian  Pond  in  Sharon,  Conn.,  just  south  of  the 
Taconic  mountain,  is  the  same  ore,  a  little  flatter,  the  dip  being 
about  45*  east. 

The  most  ancient  and  the  best  developed  of  the  iron  mines  of  this 
range  are  at  Salisbury,  Connecticut,  a  township  situated  in  the  north- 
west corner  of  the  State,  the  west  line  abutting  on  New  York,  and  the 
north  line  on  Massachusetts.  Iron  was  made  from  the  "  Old  Ore  Hill " 
Bank  as  early  as  1748.  At  present  the  principal  excavations,  are 
known  as  Chatfield's,  the  "  Old  Ore  Hill,"  and  Davis'.  In  Mr. 
Lesley's  view,  the  Chatfield  Bank  is  on  or  near  the  crown  of  an 
undulation,  the  dip  being  to  the  east  about  50°. 

The  Old  Ore  Hill  Bank  is  but  a  short  distance  north  of  Chatfield's, 
and   the   exposure    is    more  extensive.      It  rests  on  quartz  bunches 
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wliicli  pass  into  tlie  micaceous,  or  talco-iiiic^aceoas  mass  of  tlie  Tacouic 
mountain,  that  rises  rapidly  to  tlie  north,  attaining  the  general  alti- 
tude of  the  Green  Mountain  range,  of  which  it  forms  a  part.  The 
strike  is  north-east ;  the  di[)  50°  to  G0°  sout]l-easterl3^  These  layers 
are  not  strictly  conformahle  to  tlie  face  of  the  micaceous  portion,  hut 
a  little  flatter.  When  I  examined  it  in  1858,  the  space  then  worked 
hy  the  miners,  measured  across  tlie  beds,  Was  seventy  feet  wide,  in 
which  there  were  visible  four  warped  beds  composed  of  fibrous  quartz, 
and  a  talcose  material  which  the  workmen  call  "white  horse."  These 
corrugated  beds  were  g'ray,  white,  and  red;  the  fibres,  or  needle-like 
crystals  of  the  quartz,  standing  at  right  angles  to  the  surface  of  the 
layer.  The  space  between  the  strata  was  occupied  by  kaolin,  clay, 
ochre,  and  hematite.  Much  of  the  ore  is  crj'stailized  in  bunches  and 
geodcs,  the  crystals  radiating  from  the  centres,  or  other  surfaces,  which 
are  polished,  and  show  brilliant  black  and  iridiscent  colors.  There  are 
crystals  of  felspar  in  the  ore,  which  lies  not  in  flat  bands,  but  in 
bunches,  surrounded  by  felspathic  clay  that  passes  into  ochre.  Along 
the  eastern  foot  of  the  mountain  to  the  north-east  are  several  openings, 
the  principal  of  which  is  the  ''Davis  Mine,"  about  four  miles  from  the 
Old  Ore  Hill,  and  a  mile  south-west  of  the  centre  of  Salisbury.  Here 
are  the  same  variegated  layers  of  talcose,  aluminous,  and  siliceous 
matter,  also  warped  and  twisted,  having  the  same  general  inclination 
to  the  south-east,  varying  from  20"  to  40".  As  at  the  other  mines  of 
the  hematite  series,  the  ore  is  covered  with  a  h^vj'  dej^osit  of  coarse 
drift,  which  conceals  the  ore  sometimes  to  a  depth  of  twenty  or  thirty 
feet,  and  must  be  carted  away  as  the  work  progresses,  causing  a 
heavy  and  constant  expense  for  dead  work.  On  the  side  next  the 
mountain  there  is  here  a  bed  of  crystalline  limestone  which  is  not 
conformable  to  the  iron -bearing  layers,  but  dips  north-^yest  at  an 
angle  of  45°.  This  is  doubtless  due  to  local  disturbance.  On  the 
east  the  valley  of  the  Housatonic  is  occupied  by  the  same  limestone 
in  great  force.  According  to  Mr.  Percival,  the  ore  lies  betw-een  this 
metamorphic  limerock  (Formation  M)  and  the  talco-mica  slate. 

On  the  west  side  of  the  Taconic  mountain  in  New  York,  near 
Middleton  Station,  on  the  Harlem  railway,  two  miles  west  of  Ore  Hill, 
a  mine  has  been  wrought  for  many  years  for  the  use  of  Dakin's 
furnace.  This  is  partly  around  the  mountain  to  the  north  and  w^est, 
and  although  the  iron-bearing  layers  are  somewhat  confused,  their  dip 
is   to  the   east  very  sharp,  or  70°   to  80^,  thus  pitching  under  the 
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mountain  and  the  Old  Ore  Hill.  The  dolomite,  "  white  horse,''  and 
mica-slate  still  form  the  body  of  the  strata,  with  felspathic  clay, 
ochre,  and  iron  ore. 

Below  is  a  bed  of  limeroclc  of  a  dark  color.  Travelling  northward 
along  the  western  base  of  the  range,  near  the  Massachusetts  line,  at 
Boston  Corners,  the  same  ore  is  mined  to  a  limited  extent.  President 
Hitchcock  (i\Iass.  Reports,  p.  573)  says  the  limestone  here  alternates 
with  argillaceous  slate,  Containing  organic  remains  ;  the  whole  dijiping 
rapidly,  say  80°  to  90°,  to  the  east.  At  Copake,  still  farther  north, 
the  ore  is  interstratified  with  mica-slate  above  the  ore,  and  limerock 
below,  all  pitching  eastward  beneath  the  mountain. 

Before  noticing  the  hematite  deposits  farther  north,  in  Massachusetts 
and  Vermont,  I  will  repeat  President  Hitchcock's  general  sections  of 
the  rocks  of  the  Green  Mountain  range  in  Massachusetts. 

East  cind  west  profile  near  the  East    and    west    profile  near  East  and  west  profile  near  the 

Mouutaiu.  Dip  east  50"  to  80° 

.  Argillaceous    slate, 

New  York. 
.  Wanting. 
.  Talco-micaceous  schist, 

slate  line. 
.  Crystalline     dolomite, 

Williamstown. 
.  Talco-micaceoiis  schist, 

Saddle  Moimtain. 
.  Crystalline     limerock, 

North  Adams. 


sonth  line  of  Massachusetts 
Dip  east  60°   to  'JO-^. 


1.  Argillaceous     slate     in 

New  York. 

2.  Blue  limerock. 

3.  Talco-niicaceous  schists, 

Mount  Everett. 

4.  Crystalline       dolomite, 

Sheffield,  10  to  12  ms. 
broad. 

5.  Micaceous  schist. 

6.  Wanting. 

7.  Quartz  rock  (Potsdam)? 

8.  Crystalline  limerock,  N. 

Marlboro. 


Richmond,  Mass. 
60"  to  80' 


Dip  east 


Argillaceous  slate.  New 

York. 
Limerock,  bluish  color 

less    crystalline  than 

No.  4  slate  line. 
Talco-micaceous  schist, 

Lenox. 
Crystalline  dolomite. 
Wanting. 


Quartz  rock. 
Gneiss. 


The  ore  beds  are  thus  seen  to  be  everywhere  conformable  to  the 
other  strata  of  the  range.  At  West  Stockbridge,  Lenox,  Richmond, 
and  Great  Barrington,  in  Massachusetts,  the  best  developed  mines  are 
found  at  the  junction  of  the  micaceous  bed,  No.  3,  and  the  dolomite,  No. 
4,  which  is  the  position  of  the  Chatfiold  Old  Ore  Hill,  and  Dorr's  Banks, 
in  Salisbury.  The  ore  at  Dakin's,  Boston  Corners,  and  Copake,  in  New 
York,  skirts  the  edge  of  the  blue  limerock,  No.  2,  and  corresponds 
with  the  position  of  the  Vermont  mines. 
VOL.    XVI.  14 
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Through  the  Salisbury  mines  the  section  is  the  same  as  Nos.  1,  2,  3, 
4,  and  5  of  the  most  southerly  profile  in  Massachusetts,  the  broad  belt 
of  crystalline  limestone,  No.  4,  filling  the  valley  of  the  Housatonic. 
It  carries  small  crystals  of  sulphuret  of  iron,  and  also  the  protoxide  of 
iron,  amounting,  according  to  President  Hitchcock,  to  four  and  one 
half  per  cent.  In  general,  the  limestone  of  the  Green  Mountain  range 
shows  disseminated  iron.  At  Salisbury  and  Great  Barrington  there 
are  limited  quantities  of  pyrites  in  the  min^es. 

The  blue  limerock,  No.  2,  and  the  white,  No.  4,  extend  northerly  into 
Vermont ;  but  heavy  masses  of  ore  have  not  been  developed  in  them 
in  the  north-western  part  of  Massachusetts, 

After  the  slate  line  is  passed,  along  the  western  base  of  the  range  in 
Vermont,  the  hematites  reappear  in  large  bodies,  having  the  same 
geological  relations  as  farther  south,  —  the  dip  of  the  strata  being  uni- 
formly east.  There  are  workable  mines  at,  or  near,  Bennington, 
Dorset,  Chittenden,  Pittsford,  and  Wallingford.  At  North  Dorset, 
according  to  the  late  Prof.  C.  B.  Adams,  the  layers  of  clay,  ochre,  and 
hematite,  of  the  Laconic  Mountain,  are  repeated  with  an  inclination 
12°  east.  At  Pittsford  they  are  steeper,  or  55°  to  60°  inclined  in  the 
same  direction. 

The  Chittenden  mines,  in  Eutland  County,  present  the  same  bands 
of  quartz,  clay,  ochre,  and  hematite,  in  contact  with  talcose  slate  and 
limestone,  pitching  rapidly  east  (Vermont  Reports).  This  ore  carries 
alarge  proportion  of  manganese  like  many  other  mines  of  the  Green 
Mountain  and  Taconic  range.  At  Wallingford,  the  iron  belt  is  two 
hundred  and  fifty  to  three  hundred  feet  thick,  resting  upon  limestone, 
with  a  dip  to  the  east  of  60°.  The  Brandon  mine,  in  Eutland  County, 
which  has  become  famous  on  account  of  its  lignites,  and  recent  vege- 
table fossils,  presents  no  exception  to  the  system  of  hematite  beds.  I 
have  dwelt  upon  the  local  sections  of  these  mines,  because  it  is  not 
many  years  since  they  were  considered  as  belonging  to  the  tertiary. 
The  information  we  now  have  makes  them,  beyond  controversy,  a 
part  of  the  Green  Mountain  system,  which  is  generally  considered 
as  the  metamorphosed  condition  of  those  level  silurian  beds  next 
above  the  Potsdam.  The  iron  ores  thus  belong  to  the  upper  part  of 
the  "  Quebec  Group  "  and  the  lower  portion  of  the  "  Trenton  Group  " 
of  the  Canadian  Reports.  Those  eminent  geologists,  who  first  studied 
the  hematites  of  this  range,  were  quite  unanimous  in  regarding  them 
as  the  result   of  very  recent  geological  changes,  probably  because  the 
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ore  is  a  hydrate,  and  its  surface  associations  are  drift  gravel  and  clays. 
The  singular  discovery  of  fossils  of  the  present  era,  in  this  ore  at 
Brandon,  gave  new  strength  to  this  theory.  But  more  recent  investi- 
gations show  that  hematite  is  not  necessarily  of  sedimentary  origin. 
Hj'^drates  are  common  in  rocks  which  are  still  regarded  as  igneous. 
Throughout  the  masses  of  specular  ore,  in  Marquette  County,  Michi- 
gan, are  large  bunches  of  hematite,  so  extensive  as  to  form  a  material 
part  of  the  ore  now  mined.  Hematites  are  too  extensive  and  too  far 
below  the  surface  to  admit  a  general  theory  of  recent  and  local  changes. 

Depth  has  disclosed  no  modifications  in  the  ores  of  the  Green  Moun- 
tains ;  and  since  these  beds  were  subject,  on  account  of  their  softness, 
to  great  destruction  by  the  drift  forces,  the  bottom  of  the  present  mines, 
in  some  places  more  than  one  hundred  feet  down  in  ore,  must  be  re- 
garded as  much  more  than  that  distance  below  the  original  surface. 
The  causes  which  concentrated  the  ore  along  this  line  of  several  hun- 
dred miles,  everywhere  in  contact  with  metamorphic  limestone,  must 
have  been  universal  and  not  local.  Iron  in  some  form  exists  in  all 
rocks.  The  limestone  beds  of  the  Clinton  and  the  Hudson  River 
group  are  charged  with  it,  especially  near  their  junction,  where  the 
oolitic  or  dye-stone  ore  is  generally  found.  If  these  strata  should  under- 
go a  molecular  change,  whatever  the  agent  might  be,  it  must  act,  at 
the  same  time,  as  a  concentrator  of  their  mineral  contents.  In  this 
action,  limestone  seems  to  be  an  almost  necessary  medium  or  facilita- 
tor. The  belief  in  a  wide-spread,  almost  an  universal,  metamorphism 
of  the  rocks  is  rapidly  gaining  ground.  In  this  mysterious  but 
acknowledged  force,  which  produces  a  new  crystalline  arrangement, 
have  we  not  all  the  required  agencies  to  produce  masses  of  any  min- 
eral whicli  existed  in  the  strata  prior  to  the  change  ?  Is  not  something 
more  necessary  to  account  for  these  results,  —  some  cause  more  univer- 
sal than  local  chemical  action  ? 

In  a  practical  point  of  view,  this  hasty  grouping  of  our  most  promi- 
nent iron  mines  demonstrates  a  capacity  of  production  in  this  country 
which  has  no  parallel  iR  other  nations. 
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3.    COXSTDERATIOXS    RELATING    TO    THK    ClIMATK    OF    THE    GlACIAL 

Epoch   ix  North    America.      By   Edward   Huxgerford,   of 

Burlington,  Vt. 

The  considerations  here  presented  relate  more  particularly  to  the 
climatic  influence  of  an  extended  accumulation  of  snow  and  ice  in  the 
higher  latitudes,  such  as  the  glacial  hypothesis  supposes  to  have  once 
existed. 

1.  Such  a  snow  mantle,  gradually  extending  itself  into  more  south- 
ern latitudes  from  the  north,  presupposes  the  successive  introduction 
of  a  diminished  summer  temperature  into  each  such  latitude. 

2.  A  depression  of  the  drift  area  would  restrain  the  extremes  of  sum- 
mer temperature,  rendering  the  climate  more  insular,  and  might, 
under  a  rearrangement  of  the  northern  marine  currents,  diminish  the 
mean  temperature  of  that  season  of  the  year.* 

3.  But  the  fact  that  glacial  markings  are  found  at  all  elevations,  in 
the  low  valleys  as  well  as  in  the  higher  regions,  renders  it  jjrobable 
that,  during  the  period  of  accumulation  of  the  snowy  mantle,  the  con- 
tinent was  at  least  as  high  as  at  present ;  for  the  ice-cap  and  its  mark- 
ings could  not  be  formed  over  portions  covered  by  the  sea.  The 
diminished  summer  temperature  of  that  period,  therefore,  if  not  pro- 
duced by  a  cosmical  cause,  was  the  result  of  an  elevation  of  the  north- 
ern latitudes,  or  of  some  portion  of  them.  A  depression  of  the  summer 
temperature,  from  this  cause,  would  not  be  accompanied  by  a  fully 
corresponding  depression  of  the  winter  temperature.! 

4.  A  glance  at  the  present  arrangement  of  the  lands  in  the  north 
polar  regions  of  the  continent  suggests  that  a  moderate  elevation  of 
those  lands,  above  their  present  level,  would  produce  very  great  climatic 
changes  by  establishing  continuity  between  the  at  present  numerous 
detached,  insular  masses,  thereby  excluding  the  oceanic  waters  from 
northern  baj's  and  straits.  Such  changes  might  be  sufficient  greatly 
to  extend  the  area  of  perennial  snow  in  that  section,  and  to  initiate  a 

*  Iceland  and  the  interior  of  Norway,  between  tlie  60°  and  62°  parallels  liave 
nearly  the  same  mean  annual  temperature,  but  the  summer  temperature  is  lower 
in  Iceland,  and  the  snow  line  is  much  lower  than  in  the  interior  of  Norway. 

t  Tills  follows  from  the  corsiderations  advanced  in  paragraphs  (  )  and  (2) 
under  G,  wliicli  apply  eqiia'.!y  to  the  latitudes  under  cousiJei.ation,  in  w.nter,  ut  the 
present  time,  and  under  their  present  elevation. 
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process  which  should  result  in  the  glaciatiou  of  even  the  lower  northern 
latitudes,  witliout  necessarily  involving  any  very  extended  uplieaval  of 
the  eartli's  crust  in  those  lower  latitudes.  For,  the  process  of  snowy 
accumulation  having  been  once  begun  in  the  extreme  north,  it  is  to  be 
remembered  that  the  direct  climatic  influence  of  every  one  hundred  feet 
of  such  accumulation  would  be  fully  equal  to  the  same  amount  of  up- 
heaval of  the  territory  over  which  the  accumulation  takes  place.  The 
result  will  be  to  still  further  depress  the  summer  and,  to  some  extent, 
the  winter  temperature,  and  to  provide  for  the  further  extension  of  the 
snow  line  southward.  So  long  as  the  snow  or  ice-cap  continues  to  be 
built  up,  so  long  the  consequent  climatic  changes  will  extend  south- 
ward, until  some  great  reactionary  cause  is  introduced.  Tliere  would 
thus  be  developed  the  vast  frozeii  mantle  which  the  glacial  hypothesis 
contemplates,  —  an  elevated  plateau  of  snow  and  ice  extending  over 
the  present  drift  regions. 

5.  The  frigorific  effects  of  such  a  gradually  extending  accumulation 
of  snow  and  ice,  having  a  thickness  of  several  thousand  (from  five  thou- 
sand to  possibly  ten  thousand)  feet,  may  be  noted  as  follows  :  — 

(1.)  The  northward  moving  warm  currents  will  be  partially  deflected 
by  the  icy  barrier  against  which  they  impinge,  thereby  depriving  the 
area  to  the  northward  of  their  influence. 

(2.)  The  same  warm  currents  will  be  partly  elevated  along  the  slope 
of  the  glacier  front,  and  by  the  process  of  elevation  their  temperature 
will  be  depressed. 

(3.)  Consequent  upon  this  loss  of  heat  by  elevation,  as  also  upon  that 
by  contact  with  the  glacier  front,  come  loss  of  aqueous  vapor  and 
heavy  precipitation  along  the  outer  margin  of  the  ice  cap.  Such  south 
winds,  penetrating  into  the  interior,  will  thus  become  comparatively  dry, 
while  the  still  colder  and  dryer  north  winds  have  free  sweep  over  the 
plateau.  Such  dryness  of  the  atmosphere  facilitates  radiation  from 
tlie  underlying  surface,  and  becomes  an  important  additional  cause  of 
cold.* 

(4.)  The  direct  radiation  from  the  aqueous  vapor  of  the  atmosphere, 
the  pouring  of  its  own  heat  into  space,  is  facilitated  at  such  elevations 
by  the  absence  of  a  superior  stratum  of  vapor  which  would  act  as  a 
screen,  preventing  radiation.  At  lower  elevations  such  a  screen  of 
vapor  still  exists  above  the  stratum  of  air  next  to  the  earth's  surface.f 

*  See  Tyndall's  experiments  on  absorption  of  heat  by  aqueous  vapor.     "  lleat 
a  Mode  of  Motion.    Lecture  XI." 
t  See  the  same  work,  pages  402  and  following. 
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C,  To  these  climatic  effects  more  directly  arising  from  tLe  elevation 
of  the  plateau,  we  have  still  to  add  those  which  spring  from  the  pecu- 
liar nature  of  a  snowy  surface,  and  which  hear  in  the  same  direction 
towards  the  reduction  of  temperature. 

(1.)  The  reflecting  power  of  a  snowy  surface,  hy  virtue  of  which  it 
turns  back  the  sun's  rays  into  space,  would  deprive  the  earth  of  an 
immense  amount  of  heat,  which  would  otherwise  go  to  temper  the  cli- 
mate. 

(2.)  In  a  region  free  from  snow,  the  heat  which  is  not  reflected  is 
absorbed  in  vast  quantities,  to  be  again  radiated  from  the  earth,  and  to 
temper  the  climate.  The  bare  earth  serves  as  a  great  storehouse  of 
heat.  But  owing  to  the  low  conducting  power  of  snow,  the  larger 
portion  of  that  heat  which  is  not  reflected  from  its  surface  is  applied 
first  to  raise  the  temperature  of  the  superficial  snow  only  so  far  as  to 
32°,  and  then  to  convert  it  (if  there  be  so  much  heat)  into  water  which 
flows  away,  bearing  its  heat,  thus  obtained,  into  distant  regions.  Cold 
northerly  winds  blowing  over  such  a  snow-covered  terrace,  would, 
therefore,  miss  the  moderating  warmth  that  comes  from  a  reservoir  of 
heated  land. 

7.  All  the  above  considerations,  it  will  be  seen,  point  to  the  preva- 
lence of  (/,  severe  climate  over  the  snow-covered  country.  To  the 
usual  effects  of  elevation,  we  have  added,  in  this  case,  the  peculiar 
effects  flowing  from  the  material  comprising  the  plateau.  Under  the 
combined  operation  of  these  various  causes,  we  may  be  justified  in 
assumino-  that,  at  a  distance  not  very  remote  from  the  southern  margin 
of  the  ice-mantle,  a  climate  of  great  severity  would  prevail  throughout 
the  entire  year.  This  result  accords  also  with  the  natural  inference 
that  the  existence  in  the  lower  drift  latitudes  of  a  temperature  suffi- 
ciently low  to  admit  of  prevailing  perennial  snow  in  them,  as  it 
involves  the  supposition  of  a  severer  cold  for  each  successive  latitude, 
in  passing  northward,  must  result,  over  a  large  portion  of  the  territory 
back  from  the  southern  margin,  in  a  rigorous  winter  temperature,  even 
in  our  summer  months,  while  the  winters  themselves  would  be  periods 
of  intense  cold.  Manifestly  in  the  case  before  us  the  rapidity  of 
diminution  of  temperature,  or  the  difference  of  climate  in  passing 
northward,  would  be  determined  by  the  combined  influence  of  differ- 
ence of  latitude,  and  of  elevation  of  the  snow  plateau. 

8.  The  confessed  influence  of  temperature  on  the  rate  of  glacier- 
motion  gives  importance  to  these  considerations,  on  account  of  their 
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bearing  on  the  motions  of  a  continental  glacier.  The  prevailing  se- 
vere cold  of  the  interior  regions  would  be  prejudicial  to  naotion,  and, 
without  a  fiivoring  general  slojie  of  the  country  in  one  determinate 
direction,  might  even  limit  the  motion  to  simple,  irregular,  local 
adjustments  of  equilibrium  in  the  glacier  mass. 

On  the  southern  margin,  however,  the  two  favorable  conditions  of 
glacial  motion  would  always  be  realized.  Here  the  climate  would  be 
comparatively  mild,  while  the  elevation  of  the  glacier's  front  would 
itself  be  equivalent  in  eftect  to  a  sloping  surface.  The  abundant 
snowy  precipitation  in  the  higher  regions  would  supply  the  loss  from 
melting  in  the  lower. 

9.  Each  successive  belt  of  the  present  drift  country  would  be  twice 
subjected,  for  a  long  period,  to  the  influences  of  glacial  motion ;  once 
during  the  development  of  the  snow  mantle,  southward,  and  once  dur- 
ing its  final  retreat  northward. 

10.  We  are  thus  furnished  with  the  means  of  accounting  for  all  the 
erosive  glacial  phenomena,  as  well  as  for  the  transportation  of  the 
nearer  drift  and  for  the  residual  moraines,  without  resorting  to  a  general, 
simultaneous,  southward  movement  of  the  glacial  mass  throughout  its 
entire  length  and  breadth. 

For  the  transportation  of  the  remoter  drift  the  agency  of  icebergs 
and  ice-rafts  would  seem  necessary.* 

*  As  this  paper  relates  particularly  to  the  climatic  effects  of  the  hypothetical  snow- 
mautle  itself,  it  was  not  thought  necessary  to  introduce  the  very  obvious  consider- 
ation, that  such  an  immense  accumulation  from  atmospheric  precipitation,  as  it  de- 
mands, on  the  one  hand,  a  good  condenser,  requires,  on  the  other,  a  lieated  reser- 
voir of  water,  from  which  the  aqueous  vapors  may  be  derived,  —  a  consideration 
which  strongly  militates  against  the  extreme  southern  extension  of  the  ice  period, 
or  of  continental  glaciers,  by  Mr.  Agassiz.  It  is  in  those  southern  regions  we  must 
suppose  such  reservoirs  to  have  lain. 
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4.    RiPTOx    Sea    Beaches.      By    Edward    Hunqerford,    of 
Burlington.  Vt. 

^  (abstract.) 

In  this  paper  the  author  gives  detailed  evidence  of  the  aqueous  ori- 
gin of  these  deposits  wliich  occupy  the  sides  of  the  pass  through  the 
Green  Mountains,  in  Vermont,  through  which  runs  the  road  from 
Eipton  to  Hancock.  The  deposits  are  elevated  2,196  feet  above  the 
sea  on  the  western  slope  of  the  mountains.  Drawings  of  the  terraces 
were  exhibited,  and  a  section  sliowing  three  or  four  terrace  levels,  one 
above  the  other.  The  configuration  of  the  country  is  unfavorable  to 
the  accumulation  of  any  large  body  of  fresh  water  in  this  vicinity. 

The  existence  of  such  elevated  terraces,  in  connection  with  other 
facts,  leads  the  author  to  infer  that,  subsequent  to  the  true  glacial 
epoch,  the  country  was  submerged  to,  at  least,  the  level  of  these  ter- 
races.    His  views  upon  this  point  were  stated  as  follows  :  — 

Accepting  the  possibility  of  such  a  climatic  change  as  should  result 
in  the  formation  of  an  ice-cap  over  the  noi'thern  portions  of  the  conti- 
nent, it  is  contended  that  the  rigors  of  the  fuUy-establislied  winter, 
combined  with  the  absence  of  any  favoring  slope,  render  the  assumption 
of  a  general,  simultaneous  movement  of  the  glacial  mass  in  one  direc- 
tion a  too  doubtful  one,  that  it  should  be  relied  on  to  account  for  the 
transportation  of  the  boulder  drift  to  distances  of  hundreds  of  miles 
from  the  parent  rock. 

On  the  other  hand,  the  milder  climate  which  would  obtain  on  the 
southern,  or  seaward  margin,  of  such  a  glacier,  coupled  with  the  slope 
of  the  front  of  the  glacier,  or  with  its  unsupported  face,  would  secure 
an  abundantly  free  motion  throughout  a  certain  belt  on  the  outer  bor- 
der. This  moving  belt  would  have  its  waste  supplied  by  the  heavy 
precipitations  of  snow  upon  the  higher  regions  of  the  belt,  which  repre- 
sent the  ?ieue  regions  of  present  glaciers. 

During  the  advance  southward,  and  during  the  final  retreat  north- 
ward of  the  great  glacier,  each  successive  belt  of  country  would  in 
turn  be  twice  subjected  to  glacial  erosion.  The  drift  material  would 
also,  by  this  means,  be  transported  to  a  limited  distance,  while  for 
transportation  of  the  remoter  drift,  as  well  as  for  the  explanation  of 
other  phenomena,  and  especially  the  lower  modified  drift  and  the 
higher  sea-beaches,  a  gradual  submergence  of  the  still  ice-covered  con- 
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tinent  is  necessary ;  and  to  such  submergence  tlic  return  of  a  milder 
climate  may  be  ascribed. 

In  the  progress  of  such  a  secular  submergence,  the  sea  would  be 
brought  in  contact  with  successive  portions  of  the  great  ice-belt,  and 
icebergs  of  colossal  extent  would  be  set  afloat  all  along  the  border  of 
the  glacier,  which  is  constantly  pushing  itself  forward  into  the  ocean. 
Immense  ice-fields,  grinding  upon  the  bed  of  the  ocean,  and  on  the 
coast,  would  still  keep  up  the  degradation  of  rocks,  and  of  loose  mate- 
rial, the  finer  portions  of  which  would  be  partially  distributed  by  cur- 
rents. Such  icebergs  and  ice-rafts  would  furnish  the  means  of  trans- 
portation to  any  distance. 

As  the  ocean  continued  to  encroach  upon  the  land,  the  line  of  the 
ice-mass  would  become  broken  by  deep  indentations,  which  might 
account  for  (some)  deflections  in  glacial  striae ;  the  direction  of  flow,  in 
such  cases,  being  turned  locally  toward  the  nearest  sea. 

It  is  not  necessary  to  follow  out  the  details  of  this  process.  Long 
after  the  seas,  in  lower  latitudes,  had  become  partially  freed  from  ice, 
the  ice-barrier  in  the  north  would  still  send  down  its  ice-fields  and 
bergs,  the  later  continuation  of  which  process  is  still  going  forward 
upon  our  eastern  coast. 

Upon  the  re-emergence  of  the  continent,  the  originally  deposited 
drift  would  be,  in  part,  remodelled  by  the  waves.  Smaller  boulders 
would  be  rolled  and  the  striations  often  removed,  while  partially  or 
completely  stratified  deposits  of  finer  material  would  be  accumulated 
in  favorable  localities.  The  earlier  periods  of  this  emergence  are 
marked  by  the  elevated  beaches.  The  later  ones  are  represented  by 
the  Champlain  clays  and  sands  with  their  marine  shells  of  recent  spe- 
cies. 

The  events  here  enumerated  succeed  each  other  in  the  following 
order : — 

1.  The  formation  of  a  continental  glacier,  to  whose  partial  and 
limited  movements  are  due  the  erosive  phenomena  and  the  transpor- 
tation of  the  drift  over  limited  areas. 

2.  A  depression  of  the  continent,  bringing  the  ocean  in  contact  with 
the  long  glacial  border,  which,  in  its  retreat,  sends  off  icebergs  and  ice- 
rafts  into  the  ocean.  To  these  are  attributed  the  further  work  of 
transportation  of  detritus  and  boulders. 

3.  Emergence  of  the  continent,  the  higher  beaches  niaihing  the 
earlier,  and  the  Champlain  terraces  the  lower  stages  of  this  process. 
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5.    Ox  TiiK  Lower  Silurian  Brown  Hematite  Beds  of  America- 
By  Benjamin  S.  Lyman,  of  Pliilaclelpliia,  Pemi. 

In  the  south-eastern  part  of  Smyth  County,  in  South-western 
Virginia,  within  half  a  dozen  miles  south  and  east  of  the  town  of 
Marion,  between  that  town  and  Iron  Mountainj  are  thirty  or  more  iron 
ore  banks  and  natural  ex'posures  of  lower  silurian  brown  hematite, 
such  as  are  found  in  such  numbers  along  the  Great  Valley  of  Virginia 
and  its  continuation  north-east  to  Canada  and  south-west  to  Alabama. 
A  rough  topographical  survey  of  a  part  of  this  iron  district  near 
Marion  shows,  by  means  of  two  or  three  parallel  sections  from  north- 
west to  south-east  across  the  general  strike,  that  the  rocks  form  two 
important  saddles  with  a  basin  between,  and  that  the  ore  exposures 
occur  at  corresponding  distances  on  the  opposite  sides  of  the  northern 
saddle  and  of  the  basin,  as  if  they  were  the  outcropping  of  four  beds 
of  ore  regularly  bedded  with  the  other  rocks  ;  and  at  three  (or 
four)  of  the  ore  banks  the  solid  beds  are  to  be  seen.  At  the  other 
exposures  the  ore  has  the  same  appearance  as  at  almost  all  such 
exposures  throughout  the  valley;  namety,  it  is  in  solid  lumps  of 
irregular  shape  and  of  every  weight  up  to  three  hundred  tons  or  more, 
scattered  irregularly  through  brown  gravelly  loam.  The  brown  hem- 
atite is  sometimes  very  pure,,  but  often  contains  rounded  or  angular 
grains  or  pebbles  of  white  quartz,  and  sometimes  is  merely  a  cement 
that  binds  together  angular  pieces  of  light  brown  sandstone.  All 
these  beds  seem  to  lie  within  the  Virginia  and  Pennsylvania  Geolog- 
ical Formation  No.  I.,  wholly  below  the  calciferous  sand  rock  of 
E-o.  IL 

These  brown  hematite  exposures  of  Smyth  County  resemble  very 
closely  in  every  respect  a  great  number  of  similar  ones  of  lower 
silurian  age,  from  New  Brunswick  to  Alabama,  that  are  described 
either  originally  or  at  second-hand  in  Lesley's  "  Iron  Manufacturer's 
Guide."  Among  these  are  a  dozen  or  more  that  show  the  ore  to  be 
unmistakably  in  regular  beds  conformable  to  the  other  rocis.  A  few 
of  the  deposits  seem  (like  Mr.  David  Graham's  iron  ore  in  Wythe 
County,  Virginia)  to  come  from  the  weathering  of  the  upper  part  of 
a  fissure  vein  of  iron  pyrites.  The  rest  are  more  or  less  irregular 
deposits  of  loose  lumps  of  ore  of  various  size  and  shape  scattered 
through  brown   loam,  sometimes  with   white   clay   or  sand,  and  the 
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lamps  are  commonly  less  mixed  with  these  other  materials  at  a  depth 
from  the  surface  of  the  grouud.  There  seems,  indeed,  to  be  uotliiug 
in  these  deposits  to  remove  the  impression  made  by  the  correspondence 
in  position,  bjj-  the  solid  bedding  occasionally  visible  and  by  the  other 
characteristics  of  the  Smyth  County  exposures,  that  the  iron  ore  was 
deposited  in  regular  beds  of  greater  or  less  extent  and  thickness  at  the 
same  time  as  the  other  rocks,  and  that  they  have  been  broken  into 
fragments  at  their  outcrops,  and  that  these  fragments  of  hard  and 
heavy  ore  have  accumulated  in  quantities  of  various  extent  according 
to  the  lay  of  the  ground,  mixed  with  the  loam  that  comes  from  the 
more  thorough  comminution  or  decomposition  of  the  other  softer  rocks 
and  of  a  portion  of  the  ore  itself  The  lumps  of  ore  are  sometimes 
stalactitic  in  form  and  sometimes  are  hollow  geodes  ;  and  these  forms 
may  have  existed  in  the  original  beds,  or  they  may  perhaps  have 
originated  later  in  some  cases.  These  deposits  of  loose  lumps  of 
brown  hematite  in  loam  seem,  then,  to  be  similar  to  accumulations 
of  outcrop  blocks  of  any  bed  of  rock,  such  as  sandstone,  for  example, 
or  to  the  black  dirt  of  a  coal  outcrop,  except  that  the  effect  of  the 
hardness  and  heaviness  of  the  ore  must  be  regarded.  They  are  like 
the  alluvial  deposits  of  gold  and  tin  ore,  except  that  the  lumjjs  of  iron 
ore  are  larger,  owing  to  its  coming  from  thick,  solid  beds,  and  it  is 
lighter.  As  the  lumj^s  of  ore  in  such  deposits  have  been  accumulating 
ever  since  the  denudation  of  the  rocks  began,  there  might  easily  be 
found  among  the  ore  or  near  it,  not  merely  the  more  or  less  decom- 
posed outcrop  rubbish  of  neighboring  rock  beds,  but  now  and  then 
comparatively  recent  vegetable  deposits  like  the  Brandon  and  Mont 
Alto  lignites.  At  two  or  three  points  in  Virginia  and  Pennsjdvania, 
lumps  of  carbonate  of  iron  have  been  found  mixed  with  this  brown 
hematite,  and  this  would  go  to  show  that  the  ore  was  originally 
deposited  as  a  carbonate  like  the  coal  measure  beds  of  carbonate 
of  iron,  and  has  since  been  changed  into  brown  hematite  either  in  the 
solid  bed  or  in  the  lumps  scattered  through  the  loam,  a  change  that 
happens  so  often  with  the  coal  measure  carbonates.  The  greater  age 
of  the  lower  silurian  ores  would  not  probably  make  the  change  more 
complete  in  their  case,  for  they  seem  to  have  been  thickly  covered  up 
until  after  the  carboniferous  epoch ;  but  the  position  of  tlie  lumps  of 
ore  in  loose  loam  would  be  especially  favorable  to  the  change. 

This  view  of  the  origin  of  the   deposits  of  loose   luni[»s  of  brown 
hematite  in  loaui  may  be  of  great  practical  iiu[)ortancc,  since  it  woukl 
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help  to  show  hy  the  dip  of  the  rocks  and  the  lay  of  the  ground  some- 
thing of  tlie  probable  size  of  such  a  deposit,  and  in  which  direction 
a  solid  bed  of  ore  might  be  looked  for.  The  solid  beds  of  ore  may, 
however,  be  much  less  regular  in_  thickness  than  the  beds  of  iron  ore 
of  later  age,  and  very  likely  resemble  in  this  respect  the  early  beds  of 
magnetic  iron  ore. 

The  supposition  some  have  entertained  that  these  lumps  of  ore  are 
derived  from  the  jjercolation  through  the  loam  of  water  charged  with 
iron  dissolved  out  of  rocks  that  contained  iron  in  the  form  of  iron 
pyrites  or  otherwise,  and  that  the  lumps  are  therefore  concretionary  in 
origin,  and  the  result  of  a  segregation  so  thorough  that  it  sometimes 
leaves  white  clay  or  sand  in  contact  with  the  ore,  has  more  than  one 
difficulty.  The  lumps  are  commonly  not  of  the  shape  of  concretions, 
for  these  must  be  more  or  less  rounded  or  nodular,  as  they  are  formed 
about  centres,  and  they  could  never  be  irregularly  angular.  The  coal 
measure  nodules  of  iron  ore  are  placed  also  with  a  certain  regularity 
in  the  slates  where  they  occur,  and  not  a  trace  of  any  such  regularity 
is  found  in  the  lower  silurian  lump  deposits.  It  seems  hard,  too,  to 
conceive  of  so  complete  a  segregation  as  would  be  necessary,  in  loose, 
gravelly  loam ;  and  it  would  be  more  natural  to  expect  that  iron- 
bearing  waters,  in  soaking  through  such  loam,  would  form  an  iron  ore 
comparatively  homogeneous,  but  mixed  throughout,  with  the  impur- 
ities of  the  loam.  It  would  seem,  rather,  as  if  the  effect  of  the  per- 
colation of  the  water  in  these  deposits  had  been  commonly  to  give 
a  ferruginous  covering  and  character  (taken  from  the  ore)  to  the 
materials  of  the  loam  when  they  came  from  rocks  that  did  not  have 
that  character. 

The  strength  of  the  argument  furnished  by  these  Smyth  County 
ores  depends  in  a  measure  upon  the  accuracy  of  the  survey ;  but  al- 
though this  was  but  rough,  the  limits  of  error  in  each  cross  section  are 
so  small  compared  with  the  distances  apart  of  the  different  beds  that, 
in  a  similar  case,  the  identity  of  coal  beds  exposed  on  opposite  sides 
of  a  saddle  or  basin  would  be  quite  undoubted,  and  the  uniformity  in 
these  distances  over  a  space  of  several  miles  is  even  surprising.  The 
correspondence  of  the  beds  in  the  different  cross  sections  is,  however, 
somewhat  less  certain  in  some  parts.  On  one  section  the  outcrops 
of  the  four  beds  are  exposed  on  each  side  of  the  northern  saddle,  and 
probably  the  three  upper  ones  are  exposed  on  the  north  side  of  the 
southern   saddle ;   then   on  a  section   about   two   miles   to   the  east, 
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the  three  lower  beds  seem  to  be  exposed,  on  the  north  side  of  the 
soutliern  saddle ;  and  on  a  section  two  miles  and  a  half  still  further 
east  the  upper  and  lower  beds  seem  to  be  exposed,  also  on  the  north 
side  of  the  southern  saddle.  A  little  allowance  must  be  made  in  two 
or  three  of  these  places  for  the  slipping  of  the  ore  lumps  down  hill 
from  tlie  real  outcrop  of  the  solid  ore  bed.  The  exposures  marked  in 
these  sections  are  almost  all  very  near  to  the  section  lines,  so  that 
there  can  be  no  appreciable  error  from  any  possible  slight  mistake  in 
the  direction  of  the  strike,  in  projecting,  the  exposures  upon  the  sec- 
tions ;  and,  with  occasional  small  allowances  for  slipping  of  the  ore 
lumps  down  hill,  all  the  other  exposures  observed  correspond  well  with 
the  theoretical  outcrops  of  the  four  beds. 


6.  On"  Recext  Geological  Discoveries  in  the  Acadian  Prov- 
inces OF  British  America.  By  J.  W.  Dawson,  of  Mon- 
treal, Canada. 

(abstract.) 

The  object  of  the  paper  was  to  notice  some  recent  discoveries  which, 
though  of  interest,  might  have  escaped  the  notice  of  members  of  the 
Association. 

In  New  Brunswick,  the  older  rocks  in  the  vicinity  of  the  city  of  St. 
John  have  been  reduced  to  order,  and  their  probable  ages  ascertained, 
principally  through  the  labors  of  Mr.  Matthew,  Mr.  Hartt,  and  Prof.  Bai- 
ley. The  first  step  toward  the  knowledge  of  their  precise  date  was 
the  discovery  of  a  rich  land  Flora  in  some  of  the  upper  beds,  next 
below  the  lower  carboniferous  rocks  which  overlie  them  unconform- 
ably.  These  fossil  jjlants  I  was  enabled  to  recognize  as  of  the  Devo- 
nian period,  and  the  zealous  researches,  more  especially  of  Mr.  Hartt, 
have  brought  to  light  no  less  than  forty  to  fifty  species,  or  half  of  the 
whole  number  known  in  the  Devonian,  of  Eastern  America,  as  well  as 
six  species  of  insects,  four  of  which  have  been  described  by  Mr.  Scudder.* 
These  insects  are  the  first  ever  found  in  rocks  older  than  the  carbonif- 
erous. 

These  rocks,  consisting  chiefly  of  hard  shales  and  sandstones,  hav- 
ing been  ascei-tained   to   be    Devonian,  there   still  remained   an  im- 

*  Canadian  Naturalist  and  Geologist,  1867. 
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mense  thickness  of  underlying  rocks  of  uncertain  age.  In  the  upper 
member  of  tliese  rocks  the  same  active  observers  already  mentioned 
have  discovered  a  rich  primordial  fauna,  embracing  species  of  Conocepha- 
lites,  Paradoxldes,  JMicrodisciis,  and  Acjnostus,  as  well  as  an  Ortliis  and 
a  new  type  of  Cystidian.  These  fossils  are  regarded  by  Mr.  Hartt  and 
Mr.  Billings,  as  of  the  age  of  Barrande's  "Etage  C,"  and  as  marking  a 
new  and  older  period  of  the  "Silurian  Primordial "  than  any  other  as 
yet  recognized  in  America,  with  the  exception  of  the  slates  holding 
Paradoxldes  in  Massachusetts,  and  the  similar  slates  of  the  "  Older 
Slate.  Formation  "  of  Jukes  in  iSTewfoundland.  Descriptions  of  these 
fossils,  by  Mr.  Hartt,  will  be  published  in  the  edition  of  Acadian  geol- 
ogy now  in  press.  It  is  proposed  to  call  this  series,  represented  in 
New  Brunswick  by  the  St.  John  slates,  the  Acadian  Series. 

Below  these  primordial  beds  are  highly  metamorphosed  rocks,  at 
least  nine  thousand  feet  in  thickness,  which  have  not  afforded  fossils. 
A  portion  of  these  beds,  consisting  principally  of  conglomerate  and 
trappose  beds,  is  regarded  by  Messrs.  Matthew  and  Bailey  as  of  the  age 
of  the  Huronian.  The  remainder,  containing  much  gneiss  and  a  bed  of 
crystalline  limestone,  they  regard  as  Laurentian.  If  this  view  is  cor- 
rect, and  it;  certainly  seems  to  be  probable,  these  rocks,  thus  rising 
through  the  oldest  members  of  the  lower  silurian,  and  forming  a  step- 
ping-stone between  the  Laurentian  of  Newfoundland  and  that  of  New 
Jersey,  show  that  the  foundations  of  the  north-east  and  south-west  line 
of  the  east  side  of  North  America  were  already  laid  in  the  Laurentian 
period.  Still,  it  is  not  here,  but  farther  west,  that  we  are  to  look  for 
the  dividing  line  between  the  great  inland  silurian  basin  of  America 
and  that  of  the  Atlantic  coast,  the  latter,  as  has  been  pointed  out  by 
Prof.  Hall  and  Sir  W.  E.  Logan,  so  remarkably  distinguished  by  the 
predominance  of  mechanical  sediments,  and  by  a  development  of  tfie 
lower,  rather  than  the  upper  members  of  the  lower  silurian. 

To  ascend  from  these  rocks  to  the  carboniferous  :  recent  labors  of  Mr. 
Davidson,  Mr.  Hartt,  and  the  author  had  led  to  the  division  of  the  . 
lower  carboniferous  into  successive  subordinate  stages,  and  to  the  deter- 
mination of  most  of  the  marine  fossils,  and  also  to  the  explanation  of 
th©.  curious  and  apparently  anomalous  fact  that  some  forms  allied  to 
Permian  species  actually  exist  in  the  lower  carboniferous,  under  the  pro- 
ductive coal  measures.  These  researches  had  also  shown  that  no  dis- 
tinction into  sub-carboniferous  and  carboniferous  proper  can  fairly  bo 
made  in  Nova  Scotia,  notwithstanding  the  grand  development  of  the  car- 
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lioniforoiis  in  tliickness.  After  noticing  the  large  arlvances  made  in 
tlie  fossil  botany  of  Nova  Scotia  and  New  Bnmsvviok,  the  paper  referred 
to  the  discovery  by  Mr.  Barnes  of  two  neAv  species  of  insects,  and  to 
the  discovery  by  the  writer  of  a  new  pulmonate  moUusk  described  by 
Dr.  P.  P.  Carpenter  as  Conulus  Priscus.  There  are  thus  in  the  coal 
formation  of  Nova  Scotia  a  Pupa  and  a  Conulus,  or  ZoJiites,  generically 
allied  to  living  pulmonates,  and  representing  already  two  of  the  prin- 
cipal types  of  these  creatures.* 

Specimens  of  these  fossils  were  exhibited,  and  also  specimens  and  a 
photograph  of  the  Laurentian  fossil  Eozoon  Canadense,  more  particu- 
larly mentioning  the  specimen  recently  found  by  the  Canadian  survey 
at  Tudoi',  which  shows  this  organism  in  a  state  of  preservation  com- 
parable with  that  of  ordinary  silurian  fossils. 


7.    The  Winoosei  Marble  of  Colchester,  Vt.     By  C.  H.  Hitchcock, 
of  New  York,  N.  Y. 

(abstract.) 

The  AVinooski  Marble  Company  hold  a  property  of  five  hundred 
and  ninetj^-six  acres  five  miles  distant  from  Burlington,  upon  which 
are  exposures  of  a  variegated  marble  well  situated  for  working.  The 
rock  is  a  dolomite,  containing  twenty  per  cent,  of  silica,  alumina,  and 
iron.  Some  of  the  varieties  exhibit  nodules  of  calcite  enclosing 
quartz,  evidently  formed  like  concretions.  When  present  these  small 
nodules  render  the  stone  harder  to  saw  than  the  common  marbles, 
rendering  its  cost  about  one  third  greater.  The  colors  are  various 
shades  of  red,  chocolate,  and  brown,  with  patches,  and  irregular  lines 
of  white.  These  colors  adapt  the  marbles  to  match  with  the  modern 
style  of  furnishing  houses  better  than  the  white  and  clouded  varieties. 
Stones  somewhat  like  this  are  common  in  Europe,  but,  being  of  jasper 
or  porphyry,  are  very  much  more  difficult  to  work.  Slabs  twelve  feet 
long  can  be  obtained  of  the  Winooski  marble,  and  of  three  feet  or 
more  in  thickness.  No  work  is  now  being  done  upon  the  property. 
The  rock  is  of  the  same  age  with  the  red  sandrock  of  lUirlington,  or 
the  Lower  Potsdam,  at  the  base  of  the  Lower  Silurian.  The  slaty 
layers  above  are  characterized  by  the  presence  of  Olenellus  Thompsoni 
and  0.  Vermo?itana. 

*  Acadian  Geology.     Second  edition. 


120  U.    NATURAL    IITSTOKY. 


8.    The  Geology  of  Vermont.      B^^  C.  II.  Hitchcock,  of  New 

York,  N.  Y. 

(abstract.) 

The  Final  Report  upon  the  Geology  of  Vermont,  published  b}'-  the 
authority  of  the  Legislature  in  1861,  contains  all  that  was  known  of 
the  rocks  of  the  State  down  to  that  period.  Since  then  the  age 
of  many  of  the  groups  has  been  determined  more  satisfactorily. 
The  grouping  of  the  formations  upon  iwy  geological  map  in  the 
Report,  as  "  Upper  Silurian  "  and  "  Mostly  Devonian  "  were  typo- 
graphical errors.  We  should  now  employ  the  following  schedule  of 
rock  formations  in  the  State.  These  were  exhibited  upon  a  colored 
map  of  the  size  of  the  large  map  of  Mr.  Walling. 

UNSTRATIFIED    ROCKS. 

Granite,  syenite,  protogine,  with  the  traps  and  j^orphyries. 

EOZOIC    SYSTEM. 

Laurentian  gneiss  of  West  Haven  and  the  Green  Mountain  gneiss. 

PALEOZOIC    SYSTEM. 

Lower  Silurian. 

1.  Potsdam  group  —  including  the  red  sandrock,  part  of  the  "Hud- 
son River  "  slates,  part  of  the  Georgia  slate,  most  of  the  quartz  rock, 
and  the  Potsdam  sandstone  of  West  Haven. 

2.  Calciferous  sandrock. 

3.  Levis  group,  including  the  "  Eolian  limestones,"  "  Hudson 
River  "  limestones,  and  the  greater  portion  of  the  Georgia  slate. 

4.  Lauzon  group,  including  most  of  the  "  Talcose  conglomerate," 
"  Talcoid  schists,"  and  part  of  the  Talcose  schist. 

5.  Sillery  group,  the  upper  part  of  the  Talcose  schist.  The  Mica 
schist  is  3,  4,  or  5. 

6.  Chazy,  Birdseye,  and  Black  River  limestones. 

7.  Trenton  limestone. 

8.  Utica  slate. 

Upper  Silurian. 

1.  Calciferous  mica  schist. 

2.  Clay  slates  of  EastVermont  (?) 
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Ui)per  Helderberg  limestone  (?) 

GcenozoiCi 
Miocene,  tertiary,  and  alluvium. 

The  Green  Mountain  gneiss  (Intel's  the  State  from  Massachusetts  oil 
the  south  and  passes  into  Canada,  following  the  course  of  the  Green 
Mountains.  Its  gneissic  chai*acter  is  often  very  obscure.  Our  sections 
give  the  formation  an  anticlinal  structure,  sometimes  an  overturn. 
In  calling  it  Eozoic,  we  do  not  necessarily  regard  it  as  older  than  the 
Cambrian  ot  Huronian.  The  following  considerations  render  its  Eozoic 
age  probable. 

1.  The  rock  is  on  the  line  of  the  cohtinuation  of  the  Laurentian  of 
New  Jersey  and  Eastei'n  New  York,  as  confirmed  l)y  the  recent  obser- 
vations of  Sir  W.  E.  Logan  and  Prof.  James  Hall.  Between  its  known 
occurrence,  in  New  Jersey,  intervenes  only  the  Hoosic  Mountain  range 
in  Massachusetts  and  Connecticut.  At  one  place  the  continuity  of 
outcrop  is  interrupted  by  overlying  limestones  of  the  Levis  group. 

2.  It  exhibits  generally  an  anticlinal  structure.  In  Massachusetts, 
this  may  be  observed  at  the  Hoosic  Tunnel.  In  Vermont  upon  sec- 
tions Nos.  2,  4,  5,  9,  10,  10a,  11,  and  13.  In  all  the  others  the  strata 
dip  uniformly  in  one  direction,  and  part  of  the  formation  must  bd 
inverted.  According  to  tlie  Canadian  reports,  in  three  sections  across 
the  continuation  of  the  Green  Mountains,  "  the  strata  have  been 
observed  to  maintain  dips  generally  at  high  angles  in  opposite  direc- 
tions from  the  axis  of  the  mountain,  with  much  constancy,  for  upwards 
of  twenty-five  miles." 

The  anticlinal  structure  is  further  proved  by  the  repetition  of  the 
supposed  Potsdam  and  Levis  rocks  upon  jjoth  sides  of  tlie  central 
gneiss,  at  Wallingford  and  Plymouth. 

3.  The  Potsdam  rocks  flank  the  gneiss  upon  the  west  side  as  far 
north  as  Middlebury.  If  the  gneiss  were  the  sillery  sandstone,  as  has 
been  claimed,  this  quartz  rock  ought  to  belong  to  the  Lauzon  group. 

But  upon  following  the  quartz  rock  noi-therly  it  is  seen  to  terminate 
at  Starksboro,  near  which  termination  it  presents  many  of  the  charac* 
ters  of  the  red  sandrock  or  Lower  Potsdam,  extending  to  Starksboto 
from  Ilighgate.  The  quartz  rock  is  prol)ably  the  same  with  the  rod 
sandstone,  as  botli  are  overlaid  by  the  J-icvis  limestone  and  resemble 
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each  otlier  mucli,  near  their  supposed  union.  I  frnd  this  view  of 
the  identity  of  those  two  formations  confirmed  by  the  late  map 
of  the  Canadian  survey,  published  in  1866. 

4.  A  conglomerate  at  the  base  of  the  Potsdam  (quartz  rock)  con- 
tains pebbles  derived  from  the  gneissic  rocks.  At  the  western  border 
of  the  gneiss  there  appears  in  Stamford,  Sunderland,  and  Ripton 
a  peculiar  granite  whose  constituent  quartz  is  blur-,  and  I  have  seen 
nowhere  else  a  granite  of  tlris  character.  The  conglomerate  with 
pebbles  of  blue  quartz  has  been  observed  at  Sunderi:uid,  E.  Walling- 
ford,  Pittsford,  and  in  boulders  about  Rutland.  The  AVallingford  rock 
contains  also  pebbles  of  gneiss.  These  examples  appear  to  prove  that 
the  granite  existed  before  the  deposition  of  the  Potsdam,  and  if  older, 
it  is  probably  Eozoic.  A  conglomerate  perhaps  of  the  Lauzon  group,  in 
Lincoln,  also  contains  pebbles  of  blue  quartz. 

By  recent  observations  tlie  membei-s  of  the  so-called  Taconic  system 
appear  to  be  of  lower  silurian  age.  By  following  their  distribution 
northerly,  the  probable  equivalency  of  the  various  members  may  be 
made  out.  The  typical  localities  for  this  system  were  largely  in  the 
south  part  of  the  State.  The  "  Granular  Quartz,"  by  our  observations 
appears  to  belong  to  the  Potsdam  group ;  tjie  "  Stockbridge  lime- 
stones" (Eolian)  belong  to  the  Levis  or  Philipsburg  limestones;  the 
"  magnesian  slate,"  to  the  Lauzon  group ;  the  "  Taconic  "  and  "  Roof- 
ing slate,"  in  part  to  the  Levis  and  in  part  to  the  Potsdam  series. 
The  "  Black  slate "  seems  to  have  been,  properly  located  beneath 
the  ordinary  Potsdam  sandstone.  Thus  as  the  system  is  chiefly  Lower 
Silurian  in  character,  it  does  not  seem  best  to  retain  the  name  of 
Taconic  for  that  portion  which  alone  belongs  to  the  position  assigned 
by  Prof.  Emmons.  The  reference  of  trilobites  like  Olenus  and  Para- 
doxides  to  a  system  of  rocks  older  than  those  containing  Asnphus  and 
Trinucleus  was  first  made  by  Emmons.  Hence  although  he  insists 
that  the  red  sandrock  of  Vermont  is  newer  than  Taconic,  if  the  name 
be  retained,  it  should  be  applied  to  the  formations  called  locally  the 
St.  Johns  grouj)s  of  Newfoundland  and  New  Brunswick,  the  Braintree 
slates  of  Massachusetts,  and  the  Lower  Potsdam  of  Vennont.  In  no 
ease,  however,  can  a  Taconic  group  be  legitimately  correlated  with  the 
Huronian  of  America  or  the  Cambrian  of  Europe.  It  should,  on 
paleontological  grounds,  be  regarded  as  a  subordinate  part  of  the 
Lower  Silurian  system.  The  few  simple  fossils  of  the  Cambrian  ally  it 
with  the  Laurentian  under  the  general  designation  of  Eozoic. 
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1).    Expi.AX.\T[o.v    OF    A   Geological    Map    of   Maine.     By     C.    H. 
IIiTCHCOCK,    of    New   York,    N.   Y. 

(abstuact.) 

The  results  obtained  during  tlie  progress  of  the  Maine  Scientific 
Survey  in  1861,  1862,  liave  been  embodied  in  a  large  map,  the  prop- 
erty of  the  Legislature.  By  the  permission  of  the  executive  officers  of 
that  State,  the  map  was  exhibited  to  the  Association.  Gneissic  rocks 
with  granite  and  patches  of  schist  and  limestones,  occupy  the  hilly 
parts  of  York,  Cumberland,  and  Oxford  Counties.  This  is  the  remotest 
extension  of  the  White  Mountain  series.  The  same  appear  in  great 
amount  along  the  coast,  including  the  area  twenty  miles  back,  be- 
tween Portland  and  the  Penobscot  River.  Between  those  gneissic 
masses  commences  a  mica  schist,  extending  north-easterlj"  into  New 
Brunswick.  "Where  it  crosses  the  Penobscot  River,  it  occupies  the  area 
between  Medway  and  Bucksport.  At  the  eastern  State  line  it  is  nar- 
rower, including  Orient,  Amity,  and  part  of  Hodgdon.  In  Hancock 
County,  a  range  of  granite  commences  at  Mount  Desert  Island  and 
extends  north-easterly,  entering  New  Brunswick  with  the  entire  width 
of  the  Eastern  Schoodic  Lakes.  Another  development  of  mica  schist 
appears  on  the  south  of  the  granite,  followed  in  the  south-east  part  of 
Washington  County  by  smaller  deposits  of  flinty  slates,  the  Lower 
Helderberg,  Upper  Devonian,  and  bj^  great  masses  of  trappean  rocks- 

The  northern  part  of  the  State  is  sparsely  settled,  and  it  is  not 
everywhere  easy  to  trace  out  the  strata.  But  it  is  in  this  section  that 
the  greatest  number  of  fossils  are  found.  A  wide  formation  of  clay 
slate  succeeds  to  the  great  central  belt  of  mica  schist.  One  like  it 
reappears  on  the  Lower  Alleguash  waters  and  the  St.  John  River  above 
the  Great  Falls.  This  is  also  underlaid  by  the  Quebec  group  along  the 
Canadian  border.  The  northern  part  of  the  State,  from  the  distribu- 
tion of  these  two  groups,  would  appear  to  form  a  great  synclinal  basin, 
holding  at  various  parts  of  its  surface  a  long  area  of  Oriskanj'^  sand- 
stone, Cauda-Galli  grit,  and  various  fossiliferous  Upper  Silurian  and 
Devonian  strata..  The  clay  slates  about  Waterville  contain  fine  exam- 
ples of  Nereites  and  Myrianites.  The  Port  Daniel  limestone  of  Lake 
Sedgwick  has  afforded  a  fine  series  of  trilobites  and  brachiopods.  The 
surface  geolog}-^  of  INIaine  is  remarkably  interesting.  Exami)les  of  hical 
glaciers,  and  thirty-four  "eskers,"  or  "  horsebacks,"  have  been  described. 
The  chief  exports  of  mineral  wealth  are  granite  and  lime. 
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10.    The:  Distortion  and  Mktamorphosts  ov  Pebbles  in  Con- 
OLOMKRATEs.     By  C.  H.  HiTCHCOCK,  of  Ncw  York,  jS".  Y. 

(abstract.) 

At  the  Newport  meeting  of  this  Association  I  presented  many  facts 
relating  to  the  distortion  of  pebbles  in  the  conglomerate  near  tliat  city, 
under  tlie  title,  "  Geology  of  the  Island  of  Afjuidneck."  Since  that 
time  my  father  has  described  other  localities,  in  his  Final  Report  upon 
the  Geology  of  Vermont,  where  he  takes  the  ground  that  conglomerates 
may  become  altered  into  schists  so  completely  that  the  original  struc- 
ture will  be  obliterated.  I  have  treated  of  the  same  subject  fully  in 
my  Preliminary  lleport  upon  the  Geology  of  Maine,  1861,  and  in  my 
two  reports  upon  the  geology  of  that  State  have  described  four  new 
localities,  one  of  which,  in  Sandy  River  Plantation,  exhibits  the 
phenomenon  of  distortion  in  great  perfection.  All  these  matters  were 
f.illy  treated  in  tlie  paper  read  before  the  Association,  but  I  will  present 
for  publication  only  some  facts  on  this  subject  obtained  from  European 
authorities. 

There  are  other  phenomena  analogous  to,  the  distortion  of  pebbles. 
First,  I  refer  to  the  distortion  of  fossils.  No  better  illustration  can  be 
given  tlian  the  grotesque  and  varied  forms  of  the  trilobite,  Angelina 
Sedgwicki.  Some  have  lain  across,  some  along,  and  some  oblique  to 
the  clearage  of  the  slate,  and  a  compressing  force  has  distorted  tliem, 
so  that  it  is  rare  to  find  one  showing  the  normal  shape. 

Secondly,  the  microscopic  examination  of  slates  has  shown  an  elon- 
gation and  flattening  of  particles  within  them.  Tyndall  refers  to  two 
■examples,  the  German  razor  stone  and  the  greenish  spots  in  writing 
dates. 

In  the  Royal  Museum  of  Economic  Geology  at  Jermyn  Street, 
jondon,  are  two  examples  of  the  distortion  of  pebbles  by  pressure. 
Clie  first  is  a  collection  made  b}''  Mr.  Salter  of  quartz  stones,  "  which 
lave  been  subjected  to  enormous  pressure  in  the  neighborhood  of  a 
ault.  These  rigid  pebbles  have,  in  some  cases,  been  squeezed  against 
■ach  other  so  as  produce  mutual  flattening  and  indentation.  Some  of 
hem  have  yielded  along  planes  passing  through  them,  as  if  one-half 
lad  slidden  over  the  other ;  but  the  reattachment  is  very  strong. 
3ome  of  the  larger  stones,  moreover,  -which  have  endured  pressure  at 
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a  particular  point  are  fissured  radially  around  this  point."  The  otiier 
example  is  of  stones  in  a  Permian  conglomerate,  and  the  following  is 
Prof.  Ramsay's  description  of  them.  The  *•  component  stones  are 
often  from  three  to  nine  inches  in  diameter,  and  where  they  touch  in 
the  rock  they  are  not  scratched,  but  indent  each  other  at  the  points 
of  contact ;  the  indentations  being  due  to  the  fact  that,  while  those 
gravels  were  still  incoherent,  over  great  areas,  the  upper  parts  of  the 
New  Red  Series,  the  Lias,  and  perhaps  other  newer  strata,  were  piled 
upon  them,  and  the  vertical  pressure  consequent  on  this  vast  super- 
incumbent pile  induced  a  latei'al  pressure  in  the  loose-l^'ing  pebbles  of 
the  conglomerate  ;  so  that  being  squeezed,  not  only  downwards,  but 
outwards,  they  ground  on  each  other,  and,  perhaps  partly  by  the  aid  of 
intervening  grains  of  sand,  circular  indentations  were  formed  some- 
times an  inch  in  diameter.  Some  of  them  are  fractured  and  re-ce- 
mented. The  fractures  were  produced  by  pressure,  generally  close  to 
faults." 

Very  recently  H.  C.  Sorby,  Esq.,  F.  R.  S.,  of  Sheffield,  England,  has 
made  an  important  suggestion  upon  the  mutual  interpenetration  of 
pebbles  of  limestone  in  the  conglomerate  of  the  Nagelflue  in  Switzer- 
land, which  enables  him  to  account  for  the  phenomena  without  invok- 
ing the  aid  of  plasticity.  The  case  seems  to  be  one  where  there  is 
simply  an  indentation,  without  elongation  or  flattening.  We  doubt 
whether  the  phenomena  observed  in  America  can  be  explained  with- 
out plasticity,  but  desire  to  adopt  the  princijDle,  and  explain  all  the 
ajipearances  by  it,  if  possible. 

Mr.  Sorby  writes,  "  All  previous  writers  had  attempted  to  explain 
the  impressions  in  the  pebbles  either  by  mere  mechanical  or  simple 
chemical  action,  localized  by  mechanical  conditions.  The  facts  jioint 
so  strongl}'  to  both  agencies,  that  it  is  easy  to  understand  why  the 
opinions  ever  varied  between  the  two  extremes  ;  and  it  now  appears  to 
me  astonishing  that  no  one  was  led  at  an  earlier  period  to  suggest 
a  correlated  action  of  both.  At  the  same  time  we  must  admit  that  a 
large  part  of  those  who  have  studied  the  question  did  so  before  the 
doctrines  of  the  correlation  and  conservation  of  force  were  generally 
admitted  or  understood.  It  is  mainly  as  an  illustration  of  the  applica- 
bility of  such  principles  to  geology  that  I  have  been  led  to  draw  atten- 
tion to  the  impressed  pebbles. 

'^  In  the  case  of  the  majority  of  substances  mechanical  pressure 
increases  their  solubility.     For  example,  if  a  crystal  of  common  salt 
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is  placed  in  a  perfectly  concentrated  solution,  so  that  no  more  would 
be  dissolved  under  tlie  ordinary  pressure,  on  applying  to  the  solution 
a  pressure  of,  for  example,  a  thousand  pounds  to  the  square  inch,  and 
maintaining  it  for  a  sufficiently  long  time,  more  salt  is  dissolved,  and 
is  again  deposited  on  removing  the  pressure.  I  also  found  that  a  glass 
rod  with  a  small,  round  termination,  pressed  with  a  force  of  ten  pounds 
against  a  plate  of  rock  salt,  had,  in  the  course  of  a  year,  produced  a 
well-marked  depression,  surrounded  by  a  ring  of  small  crj'stals  raised 
above  the  level  of  the  original  surface.  The  salt  had  been  exposed  to 
the  atmosphere,  in  which  case  a  thin  film  of  moisture  is  generally  preV 
ent  on  the  surface ;  and,  since  the  force  of  capillary  attraction  varies 
inversely  as  the  width  between  two  plates,  where  the  salt  was  in  al- 
most absolute  contact  with  the  glass,  the  force  with  which  the  liquid 
would  penetrate  between  them  would  be  very  great.  It  therefore 
appears  to  me  nearlj'-  certain  that  the  pressure  would  be,  to  a  consider- 
able extent,  sustained  by  a  thin  film  of  liquid,  which,  being  thus  under 
pressure,  would  dissolve  more  salt  than  the  rest  of  the  solution,  and,  by 
slow  diffusion  amongst  it,  the  salt  would  thus  be  transferred  from 
where  the  pressure  is  greatest  to  where  it  is  less. 

"Now  these  experimental  results  entirely  satisfy  the  conditions  met 
with  in  the  case  of  the  impressed  limestone  pebbles.  Pressed  one 
against  the  other  with  great  force,  at  a  considerable  depth  below  the 
surface  of  the  earth,  and  surrounded  with  water  saturated  with  car- 
bonate of  lime,  in  accordance  with  the  principles  I  have  described,  the 
limestone  would  dissolve,  so  that  in  time  one  pebble  would  penetrate 
into  the  other,  and  carbonate  of  lime  would  be  deposited  in  a  crystal- 
line form  elsewhere,  where  the  pressure  was  less.  This  explanation 
agrees  admirably  with  the  various  facts.  The  structure  of  the  lime- 
stone proves  most  conclusively  that  the  depressions  were  produced  by 
actual  removal  of  material,  and  not  by  its  yielding  as  a  plastic  sub- 
stance. Moreover,  it  is  only  the  carbonate  of  line  which  has  been 
removed,  —  only  the  soluble  part  of  the  pebble,  —  the  insoluble  earthy 
portion  having  been  left  behind  at  the  bottom  of  the  depressions ;  and 
therefore  the  removal  cannot  have  been  effected  by  mere  mechanical 
means,  which  would  have  removed  the  whole  indiscriminately.  I  attrib- 
ute the  solution  of  the  material  of  one  of  the  pebbles,  and  the  unaltered 
outline  of  the  other,  to  a  difference  in  their  hardness,  or  the  amount  of 
earthy  or  sandy  impurities ;  whilst,  at  the  same  time,  I  think  it  prob- 
able that  a  difference  in  curvature  may  have  considerable  influence." 
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Thero  has  liocn  a  large  iiTimlxn-  of  communications  upon  the  inden- 
tation and  alteration  of  pebbles  in  Europe.  The  earliest  were  noticed 
in  the  Jahrbnch  fiir  Mineralogie  for  1836  and  1843  by  Lortel ;  in 
1840  by  Blum ;  in  1841  and  1848  by  Escher  von  der  Linth,  etc. 

The  first  notice  of  them  in  this  country  was  in  my  father's  Report 
upon  the  Geology  of  IMassachusetts  in  1833.  Hence  we  may  claim  for 
an  American  writer  the  credit  of  having  first  brought  tlie  attention  of 
the  scientific  world  to  this  subject. 


11-.  Tracts  of  Ancient  Glaciers  in  the  White  Mountains 
OF  New  Hampshire,  with  a  few  remarks  upon  the  geo- 
logical Structure  of  some  Portions  of  that  Group. 
By  George  L.  Vose,  of  Paris  Hill,  Maine. 

It  was  stated  in  this  paper,  that  while  the  general  direction  of  gla- 
cial action  in  the  western  part  of  Maine  is  from  north  and  north-west 
to  south  and  south-east,  the  furrows  upon  the  rocks,  in  that  part  of 
the  Androscoggin  valley,  extending  from  Gorham,  in  Kew  Hampshire, 
to  Bethel,  in  INIaine,  and  which  has  a  course  from  west  to  east,  varied 
from  S.  20°  E.,  to  S.  80°  E. ;  and  that,  while  the  fuiTows  in  the  depres- 
sions between  the  higher  summits  of  the  main  chain  of  the  White 
Mountains  point  to  the  north  and  north-west,  those  in  the  Peabody 
valley  range  from  N.  30°  E.  to  N.  40°  E.,  thus  according  with  the 
general  direction  of  that  valley,  and  being  nearly  at  right  angles  with 
the  furrows  in  the  valley  of  the  Androscoggin.  It  was  thus  inferred 
that  in  addition  to  the  general  movement  of  ice  over  this  district, 
from  north  and  north-west  to  south  and  south-east,  there  have  been 
local  glaciers  which  were  confined  to  the  valleys  of  the  Peabody  and 
Androscoggin  Rivers. 

It  was  farther  stated  that  the  whole  surface  geology  of  the  district 
upon  the  west  of  the  White  Mountains,  from  Fabyan's  to  the  Notch, 
furnished,  in  various  forms  of  modified  drift,  plain  evidence  of  the 
action  of  large  bodies  of  water  at  a  very  recent  period ;  but  that 
whether  this  locality,  now  two  thousand  feet  above  the  sea,  had  been 
covered  by  the  ocean,  or  by  bodies  of  fresh  water,  retained  by  some 
barriers  not  now  existing,  was  not  determined. 

liegarding  the    arrangement  of   the   great  central  mass  of  rocks 
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forming  the  main  chain  of  the  White  Mountain^,  it  was  stated  that 
this  portion  of  the  group  appeared  to  have  neither  the  anticlinal  build 
of  the  older  geologists,  nor  yet  the  regular  synclinal  build  more  recently 
suggested  ;  but  that  the  top  of  Mount  Adams,  o'f  Mount  Jefferson,  of 
Mount  Clay,  and  the  section  from  Tuckerman's  Ravine  through  the 
Lake  of  the  Clouds,  all  seemed  to  show  a  prevalent  steep  dip  to  the 
north  and  north-west ;  and  it  was  suggested  that  the  main  chain  of  the 
"Wliite  Mountains  was  formed  by  a  fragment  of  the  western  slope  of  an 
immense  anticlinal  wave,  of  which  the  crest  would  have  been  over  the 
Peabody  valley,  and  of  which  perhaps  a  fragment  of  the  eastern  slope 
may  be  found  in  the  opposite  and  parallel  range  of  the  Carter  Moun- 
tains ;  in  which  case  the  Peabody  valley  would  be  a  valley  of  denuda- 
tion. 

The  feature  so  common  in  the  relief  of  these  mountains,  the  long, 
gentle,  northern  slope,  and  the  abrupt  southern  descent,  was  considered 
to  be  due  more  to  the  position  and  direction  of  the  bedding  of  the 
rocks  than  to  the  movement  of  ice  from  north  to  south  over  these  sum- 
mits ;  although  it  was  believed  that  the  latter  operation  played  an  im- 
portant part  in  the  rounding  off  of  these  mountains. 


12i  The  Red  Sastdstoste  of  Vermont  and  its   Relations.     By 
John  P.  Perry,  of  Cambridge,  Mass. 

The  representations  made  of  the  red  sandstone  of  Vermont,  at  dif- 
ferent times  and  in  various  places,  have  been  exceedingly'-  discordant. 
Indeed,  in  not  a  few  cases,  the  views  entertained  and  exhibited,  re- 
specting this  formation,  have  been  diametrically  opposed. 

Presuming  that  the  rocky  beds  themselves  have  a  story  to  tell,  it 
may  be  desirable  for  us  to  put  them  on  the  stand,  and  apply  to  them 
the  most  crucial  tests  in  our  power* 

As  the  Association  for  the  Advancement  of  Science  is  now  convened 
in  the  vicinity  of  these  rocks,  it  will  be  easy,  for  such  of  its  members  as 
desire,  to  subject,  if  they  have  not  already  done  so,  and  if  they  have,  to 
re-subject,  this  fragment  of  the  Old  Book  of  Nature  to  a  personal  exam- 
ination. As  a  help  in  this  direction,  let  us  raise  a  few  queries  in  re- 
gard to  the  formation,  and  endeavor  to  answer  them  by  an  appeal  to 
facts. 
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I.  And,  in  the  first  place,  we  may  ask.  What  is  the  Red  Sandstone  of 
Vermont  ? 

With  the  exception  of  the  hite  Dr.  Emmons,  who  long  ago  described 
this  rock  as  Potsdam  sandstone,  it  has  been,  up  to  a  very  recent  day, 
quite  generally  regarded  as  belonging  to  the  Medina  formation  of  the 
New  York  geologists. 

The  rock  itself  is  a  narrow  band  of  sandstone,  usually  red,  sometimes 
gray,  and  often  calcareous,  lying  in  the  lower  portion  of  the  Cham- 
plain  slope  of  Vermont,  and  dipping  gently  to  the  east.  It  has  been 
much  eroded,  what  remains  seeming  to  be  only  a  small  part  of  the 
original  formation. 

As  early  as  1847,  Prof.  Thompson  discovered  fragments  of  trilobites 
in  a  portion  of  the  band  situated  in  Highgate.  These  failed,  how- 
ever, to  attract  much  attention,  and  thus  the  real  age  of  the  rock 
remained,  if  not  undetermined,  at  least,  for  the  most  part,  unrecog- 
nized. 

The  remains  of  two  or  three  species  of  fossils  were  collected  by  Dr. 
G.  M.  Hall  and  myself  at  this  locality,  at  various  times  between  1855 
and  '60.  On  my  showing  several  glabellge  of  these  fossil  trilobites  to 
E.  Billings,  Esq.,  early  in  the  summer  of  1861,  he  at  once  remarked, 
"  They  are  Gonocephalites,  and  the  rock  must  be  Potsdam  sandstone." 

Without  stopping  to  mention  the  different  individuals  *  who  have  en- 
gaged with  praiseworthy  zeal  in  the  study  of  this  formation,  I  may 
simply  add  that,  since  1861,  the  rock  has  come  to  be  very  generally,  if 
not  universally,  recognized  as  belonging  to  the  horizon  of  the  Potsdam 
sandstone. 

II.  We  may  next  ask  whether  this  sandstone  be  succeeded  on  the 
east  by  newer  formations,  that  have  been  disguised  by  metamorphie 
action  ? 

It  was  for  a  long  time,  and  I  suppose  is  still  asserted,  that  this 
rock  underlies  more  recent  formations  on  the  east,  probably  of  Silurian 
and  Devonian  age ;  and  that  the  latter,  having  been  subjected  to 
intense  heat,  have  been  so  transformed  as  to  be  scarcely  recognized  in 

*  It  would  give  mo  great  pleasure  to  refer  in  particular  to  the  late  Dr.  Emmons, 
to  the  late  Profs.  Adams  and  Thompson,  to  the  late  President  Hitchcock  and  his  as- 
sociates in  the  Geological  Survey  of  Vermont,  to  Sir  William  Logan  and  E.  Hillings, 
Esq.,  of  the  Canada  Survey,  and  last,  hut  by  no  means  least,  to  Prof  RTarcou,  as 
gentlemen  by  whose  labors  I  have  been  not  a  little  assisted,  in  various  ways,  in  my 
study  of  the  rucks  of  Western  Vermont. 
VOL.    XVI.  17 
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tlieir  new  character ;  in  short,  that  all  the  so-called  Taconic  rocks,  as 
described  by  Dr.  Einnious,  ai*o  later  than  the  red  sandstone. 

Without  dwelling -on  the  fact  that  these  more  easterly  rocks  do  not 
ordinarily  exhibit  such  marks  of  metamorphism  as  the  theory  implies, 
and  that  careful  search  has  shown  that  some  of  the  Taconic  rocks  are 
not  a  little  fossiliferous,  I  would  insist,  in  the  first  place,  that  the  Red 
Sandstone  does  not  pass  under  as  the  dij)  might  seem  to  suggest,  but 
simply  rests  against  the  so-called  newer  formations  on  the  east.  This 
may  be  seen  in  Swanton,  where  the  Potsdam  band  has  been  cut 
through,  the  excavated  valleys  thus  affording  exposures  of  the  under- 
lying rocks  as  they  occasionally  crop  out,  as  well  as  of  the  overlying 
sandstone. 

But  inorethan  this:  the  red  sandstone,  in  several  instances,  extends 
over  almost  the  entire,  if  not  over  the  whole,  width  of  the  Taconie 
series.  This  Superposition  is  well  exhibited  in  the  counties  of  Addison 
and  Cliittenden,  where  the  Potsdam  formation  stretches  from  Char- 
lotte and  Ferrisburg  eastward  to  Starksboro,  overlying  nearly,  if  not 
quite,  all  the  Taconic  rocks,  which  occasionally  crop  out,  and  may  be 
readily  recognized  by  a  practised  eye.  Something  very  similar  is  ob- 
servable in  Franklin  County  ;  also,  as  I  think,  in  the  extension  of  the 
same  range  into  Canada. 

Some,  however,  may  be  disposed  to  urge  that  there  has  been  an 
overturn,  and  that  thus  the  Potsdam  formation,  though  really  older 
than  the  Taconic  strata,  usually  lies  above  them.  If  reference  be  made 
to  jjartial  or  local  inversions,  it  may  be  said  that  nothing  of  this  kind^ 
so  far  as  I  can  judge,  is  adequate  to  account  for  the  position  of  the 
rocks  at  the  localities  already  cited  ;  indeed,  the  two  series  of  beds  sus- 
tain substantially  the  same  relations  to  eacb  other  through  the  entire 
length  of  the  State.  If,  on  the  other  hand,  appeal  be  made  to  a  gen- 
eral overturn,  it  is  right  to  demand  the  proof.  This  I  have  never  been 
able  to  get.  In  fact,  of  such  an  overturn  I  have  been  unable,  after 
years  of  search,  to  discover  the  slightest  evidence,  or  the  faintest 
trace.  On  the  north-west  side  of  Snake  Mountain,  in  Addison,  the 
base  of  the  sandstone  is  found  so  resting  on  the  underlying  slate  as  to 
show  that  the  present  is  substantially  its  original  position.  Similar 
evidence  reveals  itself  at  Lone  Rock  Point,  in  Burlington,  at  Mallet's 
Bay,  in  Colchester,  and  at  other  localities.  And  then  it  may  be  added, 
that  the  beds  would  have  been  more  broken  in  case  of  an  inversion, 
ftnd  that  layers  of  rock  containing  rain-drop  impressions  are  found  in 
their  normal  position. 
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The  theory  of  metamorphism,  therefore,  so  far  as  invoked  in  the 
present  case,  seems  to  fall  to  the  ground,  while  facts  generally,  so  far 
as  I  have  been  able  to  find  them  having  a  bearing  on  the  subject, 
decidedly  testify  that  the  red  sandstone  does  not  extend  under  met- 
amorphic  formations  on  the  east. 

III.  Again,  let  us  inquire  whether  the  sedimentary  beds  which  un^ 
derlie  the  red  sandstone  be  an  extension  of  tlie  Potsdam  formation 
downward  ? 

Tlie  gray  siliceous  rocks  at  Potsdam,  IST.  Y.,  have  been,  for  the  most 
part,  regarded  as  the  lowest  portion  of  the  sedimentary  strata.  When^ 
therefore,  it  became  certain  that  the  red  sandstone  of  Vermont  must 
be  referred  to  the  same  horizon,  it  was  soon  assumed  that  the  under- 
lying, fossil-bearing  slates  must  be  considered  as  a  downward  exten- 
sion of  the  Potsdam  sandstone.  Whether  this  assumption  be  correct 
or  not  is  to  be  determined  by  the  import  of  the  latter  term.  The 
word  "  Potsdam,"  in  its  earliest  geologic  sense,  refers  to  the  just 
mentioned  sedimentary  rocks  in  the  township  of  that  name.  It  also 
applies,  by  legitimate  extension,  to  all  rocky  beds  elsewhere  found  of 
the  same  specific  life-period.  Accordingly,  to  belong  to  this  series  of 
deposits,  a  formation  must  either  exactly  answer  in  age  to  the  beds 
of  sandstone  at  Potsdam,  or  else  be  a  conformable  extension,  upward 
or  downward,  of  rocks  identical  with  them  in  the  time  of  their  deposi- 
tion. 

How  is  it  now  with  the  sedimentary  strata  before  us  ?  In  the  first 
place,  the  slates  underlying  the  red  sandstone  of  Vermont  do  ijiot 
conform  with  it  in  dip.  The  variation  referred  to  may  be  seen  at 
Snake  Mountain,  in  Addison  County ;  in  Charlotte,  Sllelburn,  Burling- 
ton, and  Colchester,  in  Chittenden  County ;  also  in  St.  Albans,  Swan- 
ton,  and  Highgate,  in  Franklin  County,  as  well  as  in  other  places. 

Again,  there  is  a  lack  of  conformity  in  the  strike  of  the  sandstone, 
and  that  of  the  underlying  slates.  This  fact  may  be  observed  at  the 
several  localities  just  mentioned,  as  well  as  by  a  glance  at  the  repre- 
sentation given  on  the  Geological  Map,  published  in  the  "  Final  Ee-* 
port,"  on  the  Geology  of  the  State. 

Once  again,  it  should  be  remarked  that  there  is  a  lack  of  conformity 
in  the  organic  remains.  Without  enumerating  the  several  fossils,  1 
would  simply  remark  that  all  the  vegetable  and  animal  remains,  thus 
far  brought  to  light  in  these  respective  groups  of  Vermont  strata,  are 
specifically  distinct.     Indeed,  no  species  is  yet  known  to  have  been 
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discovered,  eitlier  in  this  State  or  elsewhere,  common  to  the  two  sys- 
tems of  rocks,  and  therefore  nothing  to  indicate  tliat  tlicy  are  of  the 
same  life-period. 

It  should  accordingly  seem,  from  this  threefold  lack  of  conformity, 
that  the  beds  underlying  the  red  sandstone  are  distinct  from  it,  and 
cannot  be,  with  any  propriety,  eithfer  referred  to  the  formation,  or 
regarded  as  belonging  to  the  period  called  Potsdam. 

IV.  What  relation,  then,  we  may  now  ask,  does  the  red  sandstone 
sustain  to  the  underlying  formations  ? 

The  true  answer  to  this  query  must  depend  upon  the  determination 
of  the  age  of  the  inferior  rocks.  These  were  long  and  generally, 
though  by  no  means  universally,  regarded  as  Utica  slate  and  Lorrain 
shale.  They  should  be  divided,  as  is  most  probable,  into  two  parts, 
and  may  be  locally  designated  as  Black,  or  Swanton  slate,  and  Brown 
or  Georgia  slate.  That  they  are  not  of  so  late  an  age  as  the  Utica  and 
Lorrain  beds  is  apparent  from  what  has  been  said  of  the  red  sand- 
stone which  overlies  them.  In  some  cases,  also,  the  Swanton  slates 
may  be  seen  beneath  the  Potsdam  formation,  not  only  along  its  west- 
ern, but  also  near  its  eastern  limits.  So  the  Georgia  slate  may  be 
shown  in  some  places,  as  in  Swanton,  to  underlie  the  Potsdam  sand- 
stone in  its  extreme  extension  eastward.  These  facts,  it  is  thought, 
entirely  meet  the  supposition  sometimes  made,  that  the  underlying 
slate  is  Utica,  the  Potsdam  beds  having  been  pushed  westward,  and 
thus  made  to  overlap  it ;  for  there  is  abundant  evidence  that  the  so- 
called  lateral  movement  was,  at  the  best,  very  slight. 

While,  then,  the  underlying  beds  cannot  be  regarded  as  Utica  slate, 
or  Lorrain  shale,  while  they  are  also  older  than  the  Potsdam  formation, 
we  may  well  agk  what  their  organic  remains  teach  us.  It  is  this  :  that 
these  slates  clearly  answer  to  the  Primordial  Zone  of  Barrande.  The 
fossils  are  plainly  primordial  in  type. 

And  what  do  the  fossils  of  the  red  sandstone  teach  us?  They 
likewise  unmistakably  belong  to  the  Primordial  Zone  of  Life,  and  thus 
show  that  the  sandstone  is  primordial.  But  they  not  only  form  a  part 
of  the  first  gjand  type  of  life,  they  are  also  specifically  distinct  from 
those  of  the  underlying  slates,  and  a  trifle  later  in  the  geologic  sense 
of  the  term.  In  this  wise  they  indicate  the  relative  age  of  the  Potsdam 
sandstone. 

This  Iteingthc  state  of  the  case,  it  must  be  clear  that,  while  the 
underlyirfig  and  the  overlying  l>eds  are  discordant  in  dip,  in  strike  and 
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includoil  fossil  remains,  they  are  yet  nearly  related ;  that  they  both 
should  he  regarded  as  belonging  to  one  and  the  same  great  zone  of 
living  existence ;  that  the  red  sandstone  accordingly  claims  recogni- 
tion, and  must,  of  good  right,  he  recognized  as  an  upper  division  of  the 
Tatonic  or  Primordial  System  of  rocks :  nay,  more,  that  it  follows  the 
inferior  groups,  after  a  short  break  m  time  and  a  slight  interruption  in 
the  organic  succession,  and  seems  to  cap  them  with  the  more  mature 
forms  of  the  same  grand  type  of  life. 

V.  We  may,  accordingly  ask,  as  a  final  question,  whether  the  red 
sandstone  properly  belong  to  the  Lower  Silurian  System  of  rocks  ? 

The  Potsdam  formation  has  been  almost  universally  counted  as  the 
base  of  the  Cham  plain,  or  Lower  Silurian  beds  of  New  York.  And 
this  determination  o^  the  mass  was  very  natural,  especially  at  the  time 
and  place  at  which  it  was  originally  made  ;  for  no  fossil-bearing  strata 
w^ere  then  known  to  be  older ;  while  at  the  typical  locality  the  forma- 
tion in  question  rests  directly  upon  rocks  usually  called  igneous,  and  is, 
in  many  localities,  succeeded  by  the  calciferous  sandrock. 

It  seems  to  be  a  fact,  however,  that  the  Potsdam  sandstone  and  the 
calciferous  sandrock  are  stratigraphicallj''  unconformable.  This  dis- 
cordance may  be  seen  at  Chazy,  K.  Y.,  while  the  relations  generally  of 
the  two  formations  may  be  well  observed  at  Whitehall,  N.  Y.,  and 
West  Haven,  Vt. 

These  groups  of  rocks,  moreover,  are  seen  to  be  unconformable  when 
looked  at  palajontologically.  Indeed,  there  is  an  almost  total  break  in 
the  sequence  of  life  between  the  two  formations.  Still  this  point 
alone  is  not  enough ;  it  is  only  negative.  It  will  have  greatly  in- 
creased force,  if  it  can  be  connected  with  positive  testimony. 

And  there  is  additional  evidence  of  a  positive  kind.  A  different  and 
an  advanced  zone  of  life  seems  to  commence  with  this  higher  forma- 
tion. The  characteristic  primordial  forms  disappear  almost  entirely 
with  the  Potsdam,  while  a  new  and  what  should  be  perhaps  called  the 
second  great  chronological  type  of  existence  makes  its  appearance  in 
the  calciferous.  Thus  looked  at  under  the  relations  of  time,  there  is 
seen  to  be  a  marked  difference  in  the  two  formations.  The  types  of 
life  are  clearly  distinct. 

These  facts,  accordingly,  seem  to  indicate  that  the  Potsdam  sand- 
stone is  not  correctly  described,  and  cannot  be  properly  viewed  as  the 
lowest  member  of  the  second  great  group  of  fossiliferous  strata  ;  that 
of  good  right  it  should  be  regarded  as  the  summit,  or  crovvuiug  portion 
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of  the  Primordial  Zone  of  Life  ;  and  that  thus  the  calciferous  formation 
both  presents  itself  in  nature,  and  in  consequence  claims  recognition 
as  the  true  base  of  the  Champlain,  or  Lower  Silurian  System  of  rocks. 
Having  thus  cursorily  surveyed  the  red  sandstone  of  Vermont,  as 
it  is  in  itself,  and  in  its  more  general  relations,  I  will  close  this  paper 
with  a  brief  synopsis  of  the  two  great  systems  of  rocks,  which  have 
been  under  review.     Reading  from  below  upward,  we  have 

r  3.  Upper:  —  Birdseye,  Black  River,  Trenton,  Utica,  and  Lorrain. 
II.  Champlain  }  2.  Middle  :  —  Chazy,  in  its- several  divisions. 

(  1.  Lower  : —  Calciferous,  in  its  several  divisions, 

f  3.  Upper :  —  Potsdam,  in  its  several  divisions. 

^    ^         .2.  Middle  :  —  Black  and  Brown  Slates  with  Limestones  and  Sand- 
I.   Tacomc-{ 

•  stones. 

1.  Lower  :  —  Talcose  andtalcoid  Slates  with  Limestones  and  Quartz- 

ites  (or  Conglomerates.) 

The  above  is  given  as  the  most  satisfactory  general  view  that  I  have 
been  able,  up  to  this  time,  to  get  of  these  rocks,  after  a  long  study  of 
them  in  the  field.  And  it  is  presented,  not  as  an  ultimatum,  but  simply 
as  an  essay  toward  the  solution  of  some  of  the  manifold  difficulties 
involved  in  one  of  the  most  intricate  and  perplexing  sections  of  the 
Geologic  Record ;  presented  with  diffidence,  and  still  with  unwaver- 
ing confidence  in  the  truth  of  nature  ;  presented  in  the  hope  that  new 
light  may  be  elicited,  that  old  errors,  so  far  as  they  exist,  may  be 
discarded,  and  that  thus  a  more  consistent  understanding  of  these  for- 
mations may  be  at  last  secured. 

In  this  summary,  the  terms  "  Taconic  "  and  "  Champlain  "  are  used, 
not  as  implying  any  theory,  but  because  they  are  familiar  and  local. 
Insomuch  as  they  were  introduced  long  ago,  are  simple,  short,  and 
convenient,  as  well  as  locally  descriptive,  —  also,  as  commetaorative  of 
the  honored  dead,  —  I  see  many  good  reasons  for  retaining,  and  no 
occasion  for  discarding  them. 
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13.  Ox  THE  Origin  of  the  so-called  Lignilites  ok  Epsomites. 
By  0.  0.  Marsh,  of  New  Haven,  Conn. 

(abstract.) 

The  peculiar  jointed  or  columnar  structure,  which  in  various  forma- 
tions often  unites  the  adjoining  surfaces  of  two  layers  of  limestone, 
has  long  been  a  puzzle  to  geologists,  and  many  attempts  have  been 
made  to  solve  the  mystery  of  its  origin.  Indications  of  this  structure 
may  be  detected  in  nearly  all  limestones,  but  only  under  peculiar  cir- 
cumstances is  it  developed  in  its  full  perfection.  *  Probably  the  finest 
illustrations  of  it  in  Europe  are  to  be  seen  in  the  Muschelkalk  of 
Germany,  where  it  appears  to  have  first  attracted  attention.  In  this 
country,  the  Clinton  limestone,  of  Niagara  County,  N.  Y.,  affords, 
perhaps,  the  most  perfect  specimens,  as  well  as  the  best  field  for 
investigating  the  subject. 

An  examination  of  this  structure,  as  it  usually  occurs  in  situ,  shows 
a  series  of  columnar  markings  and  separate  columns  passing  off  at 
right  angles  from  a  seam  between  two  beds  of  limestone  or  calcareous 
shale.  The  individual  columns  vary  from  one  half  to  four  inches  in 
length,  and  one  fourth  to  two  inches  in  diameter,  although  they  are 
so  metimes  much  larger.  In  nearly  all  instances  they  pass  from  the 
lower  layer  into  the  one  above,  but  rarely  the  reverse  takes  place. 
The  sides  of  the  columns  are  always  marked  with  longitudinal  groov- 
ings  or  striae,  and  their  free  ends  are  usually  covered  with  a-  rounded 
or  pointed  cap  of  clay.  In  the  older  rocks  this  clay  covering  has 
become  hard,  and  is  firmly  attached  to  the  column.  At  some  localities 
the  more  perfect  columns  have  a  fossil  shell  or  other  organic  substance 
on  their  summit  beneath  the  clay.  The  columns  themselves  are  of 
precisely  the  same  material  as  the  surrounding  rock,  although  not 
unfrequently  they  are  coated  externally  with  some  foreign  substance. 
Occasionally  the  structure  takes  the  form  of  irregular  jointed  seams, 
reminding  one  of  the  sutures  of  the  human  cranium.  At  a  few 
localities  suture  joints  have  been  observed  cutting  the  planes  of  strati- 
fication more  or  less  obliquely,  or  even  at  right  angles. 

The  limits  of  the  present  paper  forbid  more  than  a  brief  mention 
of  the  more  important  theories  that  have  been  pi-oposed  to  account  for 
the  origin  of  this  peculiar  structure.     In  this  country  it  appears  to 
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liave  been  first  described  by  Eaton,  in  1824,  who  considered  the  col- 
umns fossil  corals,  and  applied  to  them  the  name  of  lignilitei<.*  In 
1831,  Bonnycastle  described  a  number  of  specimens,  and  was  inclined 
to  regard  them,  not  as  fossils,  but  as  a  new  mineral  due  to  infiltration. t 
A  few  years  later  Vanuxem  claimed  to  have  solved  the  mystery.  The 
columns,  he  thought,  were  due  to  the  crystallization  of  sulphate  of 
magnesia,  and  he  therefore  gave  them  the  name  of  Epsondtes,  by 
which  they  have  since  been  most  generally  known  in  this  country. $ 
Prof.  Hall,  in  his  final  Report,  accepted  this  explanation,  but  suggested 
that  the  columns  might,  in  some  cases,  be  due  to  the  crystallization  of 
carbonate  of  lime.§  Prof  Emmons,  also,  in  his  Report,  expressed  the 
opinion  that  in  one  instance  sulphate  of  strontia  might  have  been 
the  crystallizingageut.il  Einally,  in  the  General  Report  on  the  Geology 
of  Canada,  the  nature  and  occurrence  of  this  structure  is  discussed  at 
some  length  by  Dr.  Hunt.  The  name  Crystallites  is  used  for  the  col- 
umns, and  the  suggestion  is  made  that  the  "  crystals  may  have  been 
sulphate  of  soda,  rather  than  a  magnesia  salt."1[  Views  similar  to  those 
specified  have  been  expressed  also  in  several  other  works  of  acknowledged 
authority.  That  crystallization  in  some  form  was  the  cause  of  the  struc- 
ture seems  to  have  been  very  generally  accepted  in  this  country  up  to 
the  present  time. 

In  Europe,  especially  on  the  continent,  this  question  has  attracted 
much  more  attention,  and  many  and  various  attempts  have  been  made 
to  find  a  satisfactory  solution  of  the  difficulty.  Early  in  the  present 
century  geologists  there  were  already  familiar  with  the  structure.  The 
first  author,  however,  who  made  a  special  study  of  it  was,  was  Kloden, 
of  Berlin,  who  in  1828  gave  a  description  of  the  forms  that  he  had 
observed  in  the  Muschelkalk  at  Rlidersdorf  He  regarded  the  columns 
as  fossils  ;  and,  although  in  doubt  as  to  the  nature  of  the  supposed 
animal,  proposed  for  it  the  name  Stylolites  Sulcatus.**  A  few  years 
later  he  discussed  the  subject  much  more   fully,  and  gave  excellent 

*  Report  on  the  District  adjoining  the  Erie  Canal,  p.  134. 
t  Sillimau's  Journal,  Vol.  XX.,  p.  74. 

X  Second  Annual  Report  on  Geology  of  N.  Y.,  p.  271,  1838,  and  Final  Report 
p.  107,  1842. 

§  Report  on  4th  District  of  N.  Y.,  p.  96.- 
II  Report  on  2d  District  of  N.  Y.,  p.  111. 
^  Geology  of  Canada,  p.  632,  1863. 

*  *  Beitrage  zur  Min.  u.  Geol.  Kenntniss  dcr  Mark  Brandenburg,  I.  p.  58. 
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figures  of  tliG  principal  forms  he  had  met  witli.*  The  name  Stylolitesf 
lias  since  been  generally  used  in  Germany  for  these  forms,  and  no  other 
appears  to  have  been  employed  in  other  parts  of  Europe.  As  it  has 
priority,  and  involves  no  theory,  it  should  be  universally  adopted.  The 
next  careful  investigation  of  the  structure  was  by  Quenstedt,  who  in 
1837  published  an  important  paper  on  the  subject.^  Having  observed 
that  some  of  the  more  perfect  columns  were  capped  with  fossil  shells, 
he  came  to  the  conclusion  that  Stylolites  were  merely  segregations, 
which  owed  their  shape  and  origin  to  fossils  lying  in  the  soft  mass  of 
limestone  during  consolidation.  Huot,  in  1842,  described  specimens 
of  this  structure  from  the  Jurassic  of  the  Crimea,  and  expressed  the 
opinion  that  they  were  due  to  crystallization  and  aggregation. §  Cotta, 
in  a  work  published  in  1816,  compared  Stylolites  with  the  ice  crystals 
that  form  in  the  soil  in  winter,  and  inferred  for  both  a  similar  origin.  || 
In  1852,  Plieninger  proposed  an  original  and  elaborate  explanation, 
which,  notwithstanding  its  improbability,  has'since  found  quite  a  num- 
ber of  supporters.^  He  supposed  that  the  surface  of  the  soft  limestone 
was  first  raised  above  the  water,  and  on  drying  became  separated  into 
blocks  by  shrinkage-cracks.  Through  the  action  of  rain,  these  were 
reduced  in  size,  and  the  columns,  protected  by  shells  and  other  foreign 
substances,  were  thus  made  to  assume  definite  forms.  After  sub- 
sidence, another  layer  was  deposited  over  this  surface,  and  the  whole 
gradually  became  compact  limestone.  The  fact  that  rain,  under  cer- 
tain circumstances,  may  produce  columns  very  similar  in  form  to  Stylo- 
lites had  already  been  noticed,  and  this  was  doubtless  one  reason  why 
Plieninger's  theory  gained  so  many  adherents,  one  of  whom  appears 
to  have  been  Quenstedt,**  who  had  himself  long  before  so  nearly 
cleared  up  the  mystery.  In  a  later  work  however,  he  presents  again 
his  original  explanation  with  some  modifications,  which  make  it,  al- 
though still  crude  and  incomplete,  much  more  satisfactory  than  any 
previously  oifered-ft     Von   Alberti,  in   1858,   suggested  still    another 

*  Versteinerungen  der  Mark  Brandenburg,  p.  288.     Berlin,  1834. 
t  From  aruAoa,  a  column. 

t  Wiegmann's  Archiv.,  V.  p.  137,  also  Jahrbuch  der  Mineralogie  etc.,  p.  49G, 
1837. 
§  Voyage  dans  la  Russie  merid.  11.  p.  3G9. 
11  Grundriss  der  Geologic,  p.  128. 

1  Wiirtcmberg.  Naturwis.scn.schaft.  Jabreeheftcn,  B.  VIII.  p.  78. 
**  Petrefacten  Kunde,  p.  505. 
ft  Epoclicn  der  Natur,  p.  108. 
VOL.    ^l.  18 


138 


B.    NATURAL    IIISTOUY. 


liypotliesis.  Having  observed  Stylolites  covered  witlx  a  dark  substance 
wliich  he  regarded  as  bitumen,  he  expressed  the  opinion  that  the 
columns  were  formed  by  drops  of  petroleum  pushing  their  way  upward 
through  the  soft  rock.*  One  of  the  latest  writers  on  the  subject  is  Von 
Meyer,  who  claims  that  Stylolites  are  due  to  the  crystallization  of  gyp- 
Sun:),  q^g  he  had  detected  columns  coated  with  that  substance. f 

This  brief  synopsis  of  the  most  important  literature  on  this  subject 
is  sufficient  tq  sho\y  that  the  question  under  consideration  is  one  of  no 
little  interest.  It  will,  n^oreover,  be  at  once  evident  to  any  one  who 
lias  made  a  careful  study  of  Stylolites  that  many  of  the  explanations 
proposed  are  based  on  merely  local  peculiarities,  or  unessential  features 
of  the  structure  ;  and  hence,  even  if  true  in  the  instances  cited,  would 
not  account  for  it  elsewhere.  A  comparison,  however,  of  the  vainous 
forms  of  this  structure,  as  they  occur  ii;  different  formations,  and  at 
widely  separated  localities,  clearly  shows  that  all  have  been  produced 
by  some  common  cause,^  which  was  not  dependent  on  local  influences 
or  conditions.  The  subject  of  the  present  paper  was  to  prove  that  this 
structure  in  all  its  various  modifications  was  simply  the  result  of  pres- 
sure. The  author  had  carefully  examined  iQany  typical  localities  in 
this  country  and  in  Europe,  and  found  at  each  conclusive  evidence 
in  favor  of  this  explanation,  which  satisfactorily  accounts  for  all  the 
known  phenomena  of  £he  structure. 

If  any  characteristic  locality  of  Stylolites  be  examined  with  care,  it 
will  readily  be  seen  that  a  displacement  took  place  in  the  rock  before 
ponsolidation  was  completed.  It  will,  moreover,  not  be  difficult  to  per- 
ceive that  when  the  columns  stand  at  right  angles  to  the  stratifica- 
tion, they  have  been  produced  by  vertical  pressure,  resulting  from  the 
weight  of  the  superincumbent  strata ;  and  that  the  comparatively  few 
suture  joints  having  a  different  position  are  due  to  lateral  pressure. 

Although  all  the  separate  columns  show  indications  of  having  been 
thus  made  by  pressure,  this  origin  becomes  unmistakable  if  we  exam- 
ine the  more  perfect  ones,  especially  those  from  a  homogeneous,  fos- 
siliferous  limestone,  such  e.  g.  as  the  Muschelkalk  of  Korthern  Germany, 
or  the  Clinton  limestone  at  Lockport,  and  other  points  in  Western  New 
York.  When  the  Stylolites  are  well  developed  in  such  a  rock,  it  will 
generally  be  found  that  the  columns  start  from  the  junction  of  two 
beds  of  limestone,  separated   by  a  thin  seam  of  argillaceous  shale. 

*  Wiirtemberg.  Naturwissenschaft.  Jahresheften,  p.  292. 
t  Neues  Jahrbuch  fur  Minoralogie  etc.,  18G2,  p.  590. 
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Nearly  all  the  separate  columns,  moreover,  have  on  their  summits 
a  fossil  shell,  or  the  inotyjaiiic  substance,  tvhich  has  accdrdtelij  deter- 
viined  iheir  shape,  and  above  this  a  rounded  or  pointed  cap  of  shale, 
evidentl}''  identical  with  the  layer  already  mentioned,  and  separated 
from  it  when  the  strata  settled  during  consolidation.  The  longer 
columns  will  usually  have  the  convex  side  of  the  shell  uppermost,  and 
the  shorter  columns  the  reverse.  When  the  shell  lies  obliquely  on  the 
column,  the  latter  will,  iii  most  cases,  be  found  curved,  the  degree  of 
obliquity  of  the  shell  clearly  determining  the  amount  of  curvature. 

From  these  and  other  similar  facts  it  will  not  be  difficult  to  ascer- 
tain how  these  striated  and  capped  columns  were  formed,  although 
the  mystery  could  scarcely  have  been  solved  from  a  study  of  imperfect 
Stylolites,  such  as  occur  in  most  formations.  Let  us  first  suppostJ 
a  quantity  of  fine  carbonate  of  liuie,  sufficient  when  consolidated  to 
make  a  thick  bed  of  limestone,  slowly  deposited  under  water;  and, 
while  still,  soft  shells  and  other  organic  substances  scattered  over  it, 
and  the  whole  then  covered  with  a  very  thin  layer  of  argillaceous  ulud. 
If,  after  this,  the  deposition  of  calcareous  matter  proceeds,  gradually 
forming  a  second  bed,  its  increasing  weight  will  slowly  condense  the 
bed  below.  The  shells  beneath  the  clay  layer  will  offer  nlore  resistance 
to  the  vertical  pressure  than  the  mtaterial  around  them,  and  hence  the 
latter  will  be  carried  downward  more  rapidly,  thus  leaving  columns 
projecting  into  the  bed  above,  each  protec'tect  by  its  covering,  and 
taking  its  exact  shape  from  its  outline.  That  this  must  have  been 
essentially  the  method  of  formation,  every  typical  locality  of  Stylolites, 
if  carefully  studied,  will  afford  aniple  evidence. 

The  immediate  cause  of  the  formation  of  columns  under  the  abov0 
circumstances  is  clearly  a  difference  of  resistance  to  the  pressure 
between  the  shell,  supported  by  the  material  beneath  it,  and  the  sur- 
rounding mass.  The  reason  why  the  shell  resists  the  pressure  irfore 
effectually  than  the  substance  around  it  may  be  owing,  first,  to'  its 
form,  which,  when  its  convex  side  is  upward,  enables  it  to'  act  as 
a  wedge,  thus  overcoming  in  part  the  cohesion  of  the  material  above 
it ;  secondly,  to  its  weight,  which  would  slightly  condense  the  plastic 
mass  beneath  it,  and  thus  secure  a  more  firm  support ;  or,  thirdly,  to 
its  being  an  organic  substance,  which,  like  the  nucleus  of  a  concretion^ 
has  attracted  to  itself  and  consolidated  the  particles  of  carbonate  of 
lime  beneath  it,  but  not  those  above,  owing  to  the  intervening  argil- 
laceous  layer.     Any  one  of  these  causes  would,  doubtless,  be  sufficient 
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to  produce  the  superior  density  required  to  start  a  column,  and  this 
would  at  once  have  its  farther  progress  facilitated  by  a  cap  of  mud 
formed  above  the  shell,  thus  rendering  the  summit  of  the  column  more 
convex,  and  hence  diminishing  the  effective  pressure.  Iff  h<nvever,  the 
concave  side  of  the  shell  be  uppermost,  this  assistance  is  in  a  measure 
lost,  as  the  cavity  of  the  shell  must  first  be  filled  from  the  argillaceous 
layer  before  the  column  can  secure  a  convex  summit.  Hence  such 
columns  are  usually  shorter  than  those  which  have  the  shell  reversed. 

If  the  shell,  instead  of  lying  horizontal,  as  in  the  above  instances, 
has  an  oblique  position,  curved  columns  will  generally  be  formed,  the 
curvature  being  toward  the  upper  edge  of  the  shell,  and  its  amount 
depending  upon  the  degree  of  elevation.  Where  the  rock  is  not 
homogeneous,  bent  or  even  broken  columns  often  occur,  evidently 
caused  by  meeting  with  impediments,  just  as  a  nail  is  turned  from  its 
course  when  driven  against  an  obstacle.  To  carry  out  tlie  simile,  the 
columns  with  the  oblique  shells  curve  towards  the  sharp  edge  of 
the  summit  exactly  as  a  horseshoe  nail  bends  outward  when  driven 
into  the  hoof,  and  for  precisely  the  same  reason. 

The  comparatively  few  Stylolites  extending  from  the  upper  layer  of 
limestone  into  the  lower  are  evidently  formed  in  essentially  the  same 
way  as  those  already  described,  although  under  somewhat  different 
circumstances.  Wh«re  the  shape  has  been  determined  by  a  fossil,  it 
will  generally  be  found  that  this  was  deposited  above  the  argillaceous 
layer  rather  than  below  it.  The  cause  of  the  superior  density  required 
will  readily  be  inferred  from  what  has  been  stated  above. 

The  foregoing  explanation  has  been  mainly  suggested  by  a  study  of 
the  more  perfect,  separate  columns,  which  usually  appear  to  be  formed 
under  essentially  the  circumstances  already  mentioned.  Where,  how- 
ever, the  conditions  are  less  favorable,  columns  and  elevations,  more  or 
less  regular  in  shape,  may  still  be  formed,  and  such  alone  are  to  be 
found  at  most  localities.  To  this  class  clearly  belong  the  speciraens 
described  hitherto  by  the  distinguished  geologists  who  have  investi- 
gated the  subject  in  this  country,  and  the  same  holds  true,  almost 
without  exception,  of  those  examined  by  foreign  authors.  Such  speci- 
mens, viewed  in  the  light  of  the  more  perfect  columns,  often  show 
indications  of  their  origin  from  pressure  ;  but  as  the  crowning  shell  — • 
the  key  to  the  mystery  —  is  wanting,  they  alone  would  hardly  reveal 
the  mode  of  their  formation,  and  hence  it  is  by  no  means  strange  that 
their  unessential  features  should  have  been  made  the  basis  of  so  many 
theories  of  explanation. 
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Tlio  oblique  suture  joints,  already  alluded  to,  are  clearly  due  to  the 
same  general  cause  as  the  more  perfect  Stylolites.  Those  that  cut 
the  strata  at  a  high  angle  evidently  owe  their  origin  to  lateral  pres- 
sure, acting  along  a  plane  of  fracture,  and  thus  driving  into  each  other 
the  irregular  adjoining  surfaces.  Such  joints  are  not  uncommon  in  the 
water-line  of  Monroe  County,  N.  Y.,  and  a  characteristic  example  is 
figured  in  Prof.  Hall's  final  Report.*  The  same  rock  contains  an 
abundance  of  imperfect  columnai"  Stylolites,  stich  as  usually  occur  in 
a  homogeneous  nonfossiliferous  limestone. 

In  addition  to  the  varieties  of  Stylolites  already  mentioned,  many 
others  may  be  found  at  nearly  every  typical  locality.-  Not  merely 
foreign  substances  alone,  but  even  any  inequality  in  the  density  of  the 
plastic  strata  will  prevent  a  perfectly  uniform  settling  of  the  whole, 
and  also  accurately  register  the  amount  of  interference  thus  occasioned. 
In  this  way  strise  and  rude  indications  of  columns  are  often  formed 
along  seams,  or  even  in  the  body  of  the  limestone  itself.  So  also 
where  the  argillaceous  layer  is  thick,  and  the  limestone  not  homogen- 
eous, rounded  elevations  and  depressions  will  be  formed  along  the 
planes  of  junction.  Examples  of  this  are  common  in  the  Trenton  as 
well  as  in  the  corniferous  limestones  of  New  York. 

Where  concretions  are  imbedded  in  shale,  as  in  the  Hamilton  group 
of  Western  New  York,  their  sides  will  not  unfrequently  be  found 
stiiated  like  the  sides  of  Stylolites,  clearly  due  to  the  sliding  motion 
of  the  surrounding  rock.  When  this  takes  place  before  the  concretions 
are  fully  completed,  very  peculiar  forms  are  often  produced.  Wltere 
the  strata  of  shale  themselves  have  been  disturbed  and  distorted  before 
consolidation  was  entirely  finished,  they  are  often  fractured  in  various 
directions,  and  the  adjoining  surfaces  of  the  fragments  finely  polished 
by  the  pressure  of  the  disturbing  force.  Examples  of  this  may  be 
seen  in  the  Hudson  River  slates  at  Cohocs,  N.  Y.,  and  at  other  points 
on  the  Mohawk.  Where  the  rock  becomes  nearly  or  quite  solid  before 
fracture,  the  well-known  "  Slickensides  "  are  formed,  which  every  one 
admits  are  merely  friction-marks,  due  to  the  pressure  or  motion  of 
adjoining  surfaces,  as  their  mode  of  formation  may  often  be  detected 
while  still  in  progress.  Such  examples,  however,  constitute  one  end 
of  a  series  extending  with  many  intermediate  gradations  through  the 
forms  just  described  up  to  the  perfect  columns  of  the  Stylolites  with 

*  Geology  of  N.  Y.,  Fourth  District,  p.  131. 
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tlieir  characteristic  covering,  all  clearly  owing  their  origin  to  one  com- 
mon and  simple  cause.*  The  series  might,  perhaps,  be  extended  even 
farther,  so  as  to  include  the  structure  known  as  "  Cone-in-Cone," 
which,  according  to  the  investigations  of  the  author,  is  probably  due  to 
the  action  of  pressure  on  concretionary  structure  when  in  process  of 
formation.  Intermediate  forms  between  Stylolites  and  Cone-in-Cone 
had  been  observed  by  the  author,  and  also  some  other  similar  struc- 
tures, the  origin  of  which  he  hoped  to  discuss  in  a  future  paper. 

Whenever  displacement  of  any  kind  takes  place  in  strata,  the 
adjoining  surfaces  that  thus  move  past  each  other  do  not  usually  again 
firmly  unite ;  and  hence  various  sutstauces  are  often  introduced  by 
infiltration  into  the  intervening  spaces.  In  this  way  the  surfaces  of 
Stylolites  and  the  enclosing  rock  not  unfrequently  become  covered 
with  oxides  of  iron,  either  in  the  form  of  deudrites,  or  of  a  uniform 
coating.  Carbonate  of  lime,  or  of  lime  and  magnesia,  sulphate  of 
lime,  and  of  strontia  when  introduce(^,  in  this  manner  often  crystallize 
in  the  grooves  on  the  sides  of  the  columns  or  sutures,  thus  apparently 
forming  fibrous  Crystals ;  and  consequently,  these  have,  perhaps  not 
unnaturally,  been  regarded  as  essentiatl  elements  in  the  formation  of 
Stylolites  by  those  who  had  made  but  a  limited  study  of  the  subject. 
Hence  the  various  crystallization  theories  that  have  been  proposed, 
feach  regarding  the  particular  substance  detected  as  the  cause  of  the 
structure.  The  dairk  coating  on  columns  and  in  suturies,  which  has 
been  considered  bitumen  by  several  authorities,  will  generally  be  found, 
on  examination,  to  be  either  a  portion  of  the  argillaceous  layer,  sepa- 
rated by  the  Stylolites  when  forming,  or,  as  in  the  case  of  Slickensides, 
merely  a  portion  of  the  rock,  finely  divided  and  compressed.  The  dark 
color  may,  of  course,  be  heightened  by  the  subsequent  infiltration  of 
organic  substances,  but  the  coating  itself  is  in  nearly  aU  cases  essen- 
tially inorganic. 

The  localities  of  Stylolites  in  this  country  are  very  numerous,  and 
allusion  has  already  been  made  to  some  of  the  more  important.  The 
most  interesting  one  known  to  the  author  is  in  the  Clinton  limestone 
at  Lockport,  N.  Y.,  where  nearly  all  the  perfect  columns  are  crowned 
with  fossils.  The  best  exposure  at  this  locality,  now  accessible,  is  at 
Cady's  quarry,  a  few  rods  below  the  railroad  bridge  over  the  canal; 

*  A  suite  of  specimens,  from  various  localities  in  this  country  and  in  Europe, 
illustrating  such  a  series,  was  exhibited  by  the  author. 
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but  the  terrace  of  limestone  on  which  this  part  of  the  city  is  built  con- 
tains throughout  its  whole  extent  fine  illustrations  of  this  structure. 
Apparently  tiie  same  beds  are  exposed  in  the  railroad  cutting  on  the 
Niagara  River  above  Lewiston,  nearly  twenty  miles  distant,  as  layers 
having  essentially  the  same  position,  and  containing  similar  Stylolites, 
have  been  observed  by  the  author  there  and  at  varfous  points  where 
the  Clinton  crops  out  along  the  "  Mountain  "  ridge ;  and  Dr.  A.  M. 
Leonard,  of  Lockport,  has  since  discovered  other  intermediate  localities, 
which  render  the  connection  more  than  probable,  thus  indicating  a 
very  large  extent  of  surface,  over  which  the  same  peculiar  causes  were 
in  operation  at  the  same  time. 

Besides  the  localities  already  referred  to,  many  others  of  interest 
occur  in  the  Silurian,  Devonian,  and  Carboniferous,  and  more  rarely 
in  the  Triassic.  In  New  York  and  Canada  the  Niagara  and  Cornif- 
erous  limestones  often  contain  imperfect  Stylolites  in  abundance,  while 
in  the  West  fine  illustrations  of  the  structure  have  been  found  in 
the  subcarboniferous.  Special  localities  may  readily  be  ascertained  by 
consulting  the  various  State  Geological  Reports. 

One  of  the  most  interesting  localities  of  Stylolites  in  Europe  is  that 
already,  mentioned  in  the  Muschelkalk  at  Riidersdorf,  near  Berlin, 
where  this  structure  is  developed  in  great  perfection.  Nearly  all  thQ 
separate  columns  are  capped  with  fossils,  and  a  great  variety  may 
easily  be  obtained.  During  a  visit  to  the  locality  in  1864,  the  author 
collected  more  than  fifty  characteristic  columns,  each  having  an  organic 
covering,  and  among  these  ten  species  of  fossils  were  represented. 
The  Muschelkalk  and  Zechstein  in  other  parts  of  North  Germany  also 
frequently  contain  Stylolites  in  abundance.  In  Wurtemberg,  columns 
with  a  black  coating  are  common  in  the  Muschelkalk  near  Fried- 
richshall,  and  at  Rottweil  Stylolites  are  occasionally  found  having  on 
their  summit  a  fossil  crab.*  Various  localities  of  Stylolites  have  been 
observed  in  France,  one  of  the  most  important  of  which  is  in  the 
Jura  near  Dijon,  where  columns  a  foot  in  length  were  noticed  by  M. 
d'Aoust.t  In  Great  Britain  this  structure  appears  to  have  attracted 
very  little  attention,  and  no  localities  of  particular  interest  have  been 
described.  In  the  subcarboniferous  limestones  of  Ireland  the  author 
had  observed  the  more  common  varieties  of  Stylolites  at  several  places, 
but  the  structure  was  nowhere  well  developed. 

*  Von  Alberti.  Uberblick  iibcr  die  Trias,  p.  15. 
t  Bulletin  See.  Geol.  dc  la  France,  Vol.  III.  p.  327. 
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II.  PALiEONTOLOGY. 

1.  On  some  Fossil  Reptiles  and  Fishes,  fkom  the  Carbonif- 
erous Strata  of  Ohio,  Kentucky,  and  Illinois.  By  J. 
S.  Newberry,  of  New  York,  N.  Y. 

The  specimens  exhibited  and  described  in  this  communication 
consisted  of  reptiles  and  fish  from  the  cannel  stratum  underlying  the 
main  coal  seam  at  Linton,  Ohio,  of  fishes  from  the  coal  measures  of 
Illinois,  collected  by  the  State  Geologist,  and  of  a  group  of  fishes  col- 
lected by  Dr.  Patterson  from  a  stratum  of  bituminous  shale,  lying  in 
the  Waverley  group,  one  hundred  and  twenty-five  feet  above  its  base,  at 
Vanceburg,  Kentucky.  Of  these,  the  first  series  included  Raniceps 
Jjyellii,  Wyman,  with  several  as  yet  undescribed  reptiles,  some  of 
which  apparently  belong  to  Prof.  Huxley's  new  genera,  Ophioderpe- 
ton  and  Urocordylus.  Associated  with  these  were  some  twenty 
species  of  fossil  fishes,  most  of  which  have  been  described  by  Dr.  New- 
berry, but  were  now  represented  by  new  and  more  perfect  specimens. 
Among  these  were  eight  species  of  Eurylepis,  a  genus  created  by  Dr. 
•  Newberry  to  receive  a  group  of  small  lepidoids,  allied  to  Palceoniscus, 
but  distinguished  by  the  scales  of  the  sides  which  are  much  higher 
than  long.  The  scales  on  several  of  these  species  are  very  highly 
ornamented.  The  specimens  exhibited  were  preserved  in  cannel  coal, 
and  covered  with  a  film  of  sulphide  of  iron,  by  which  they  were  bril- 
liantly gilded.  With  these  were  two  species  of  Ccelacanthus,  some  of 
the  specimens  of  which  showed  that  the  fishes  of  this  genus  were  fur- 
nished with  a  supplemental  caudal  fin,  as  in  Undina.  This  Dr.  New- 
berry stated  was  an  interesting  fact  confirmatory  of  Prof.  Huxley's  view 
of  the  relations  of  Undina,  Jtfacropoma,  and  Ccelacanthus.  The 
numerous  and  very  complete  specimens  of  Gcelacanlhus  exhibited  sup- 
ply much  that  was  wanting  to  a  perfect  knowledge  of  the  anatomy  of 
this  genus.  The  bones  of  the  head  are  similar  in  form  to  those  of  Ma- 
cropoma,  are  highly  ornamented  with  tubercles  above  lines  below. 
The  jugular  plates  are  double  and  long-elliptical  as  in  Undina  and 
Jifacropoma.  The  position  and  form  of  the  fins  are  as  in  Undina,  but 
the  anterior  dorsal  is  stronger.  The  fins  are  supported  on  palmated 
interspinous  bones,  similar,  in  a  general  way,  to  those  of  the  other 
genera  of  the  family.     The  paired  fins  are  slightly  lobed.     The  supple- 
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mental  lias  been  referred  to.  The  scales  are  ornamented  witli  curved 
and  converging  raised  lines.  In  many  specimens  the  earbones  (oto- 
lites) are  distinctly  visible.  Besides  the  fishes  found  at  Linton  al- 
ready enumerated,  there  were  scales  and  teeth  of  Bhizodus,  two 
species,  at  least,  one  of  which  ( R.  angustun)  has  teeth  of  two  forms, 
one  large,  flattened,  and  double-edged,  the  other  smaller,  more  numer- 
ous, slender,  sheathed,  and  conical,  with  a  circular  section  throughout ; 
two  species  of  Dipludus,  consisting  of  bony  base  and  enamelled 
crown,  —  the  latter  distinctly  and  beautifully  serrated,  —  so  that  there 
can  scarcely  be  a  question  that  they  were  teeth,  and  not,  as  claimed 
by  Mr.  Atthey,  of  Newcastle,  England,  dermal  tuberpjes.  In  the 
Linton  fauna  is  one  species  of  Palwoniscus  (P.  scutigerus.  N.);  one 
of  Fygoplerus  ;  one  of  Megalichtliys,  represented  by  scales;  and 
numerous  spines  of  placoid  fishes  of  the  genera  Gompsacanthus  and 
Pleu7-acanthus. 

The  fish  remains  from  Illinois  consisted  of  a  splendid  specimen  of 
Edestus  vorax  (Leidy),  from  the  coal  at  Belleville,  opposite  St.  Louis, 
and  of  several  individuals  of  a  new  species  of  Platysomus  from  the 
concretions  of  iron  ore  at  Mazon  Creek.  The  Edestus  was  said  by 
Dr.  Newberry  to  have  been  described  as  a  jaw,  but  the  specimen 
exhibited  was  much  more  complete  than  any  before  found,  and  there 
could  scarcely  be  a  doubt  that  it  was  the  spine  of  a  Selachian.  Plor 
tysomus,  he  said,  though  common  in  the  coal  measures  of  England, 
had  not  been  before  found  in  America. 

The  fishes  from  the  Waverley  were  from  a  new  locality,  and  from  ft 
horizon  that  had  furnished  very  few  fossils  of  any  kind,  and  no  fishes 
except  a  Palceoniscus  (P.  Braiaerdi)  found  in  Northern  Ohio.  The 
specimens  collected  at  Vanceburg  bv  Dr.  Patterson  consisted  of  teeth  of 
Cladodus  and  Orodus,  with  spines  of  Ctenacanthus,  with  the  tail  of  one 
of  these  Selachians  distinctly  preserved.  This,  Dr.  Newberry  said,  was 
a  great  rarity,  as  the  soft,  and  even  the  cartilagi;ious  parts  of  plagios- 
toraous  fishes  had  usually  disappeared,  the  teeth,  spines,  and  dermal 
tubercles,  the  only  bony  parts,  remaining.  The  only  similar  cases,  of 
which  he  had  any  knowledge,  was  the  discovery  of  the  tail  and  fins 
of  Chondrosteus  in  the  Lias  of  Lyme  Regis,  England,  and  the  pres- 
ervation of  Thyalina  in  the  Solenhofen  slate.  The  specimen  shown 
was  greatly  older,  being  from  the  base  of  the  carboniferous,  and  was 
the  only  figure  that  Nature  had  given  us  of  the  external  form  of  these 
ancient  sharks.     This  tail  was  very  heterocercal,  had  the  from  of  tha 
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caudal  fins  ol  some  living  sharks,  and  indicated  a  fisn  ol  sevon  or 
eight  feet  in  length.  In  tlie  specimen  exhibited  the  vertebral  column 
had  entirely  disappeared,  but  the  impressions  of  the  spinous  bones 
were  distinctly  visible,  those  of  the  lower  lobe  of  the  tail  being  ossified 
throughout.  Dr.  Newberry  said  that  he  hoped  to  gather  data  from 
this  collection  for  uniting  teeth  and  si^ines,  which,  though  described 
under  different  names,  were  parts  of  one  fish. 


2.  On  some   Eemarkable  Fossil   Fishes,   Discovered  by  Rev. 

H.  HliRZER,  IN  THE  BlACK  SiIALE  (DeVONIAn)  AT    DeLAWARK, 

Ohio.     By  J.  S.  Newberry,  of  New  York,  N.  Y. 


Dr.  Newberry  exhibited  to  the  section  different  portions  of  the 
head  of  a  gigantic  fish,  to  which  he  had  given  the  name  oi  DiaicJtthys 
Herzeri,  and  which,  he  said,  from  its  size  and  structure,  deserved  the 
same  distinction  among  fishes  that  Dinothentcm  and  Dinomis  enjoy 
among  mammals  and  birds.  Most  of  the  bones  obtained  as  yet  be- 
longed to  the  head,  which  was  over  three  feet  long,  by  one  and  a  half 
broad,  and  wonderfully  strong  and  massive.  All  parts  of  the  head  had 
been  procured,  and  many  different  individuals  were  represented  in 
the  collections  made  by  Mr.  Herzer.  The  cranium  was  composed  of  a 
number  of  plates  firmly  anchylosed  together  and  strengthened  near 
the  occiput  by  internal  ribs,  or  ridges,  nearly  as  large  as  one's  arm. 
The  external  surface  was  covered  with  a  very  fine  vermicular  ornamen- 
tation. The  anatomical  structure  was  more  wonderful  than  the  size, 
and  was  such  as  to  separate  this  quite  widely  from  any  fishes  known, 
living  or  fossil.  The  most  marked  peculiarity  was  in  the  structure  of 
the  jaws  and  teeth,  both  as  regards  the  form  and  texture.  The  form 
of  the  jaws  \vill  be  best  understood  by  the  following  figures  :  — 


]MauilibIe  one-eighth  imtur»l  siee. 


PAL-KOSTOLOQY.  147 


-/■■ 


/ 


(  / 

i  / 

r 


\      1 


Upper  and  lower  jaws  in  position  restored. 

Tlie  Lead  terminated  anteriorly  and  above  in  two  great  incisors, 
representing  the  pre-maxillarj,  behind  wliich,  on  either  side,  were  the 
maxillaries,  broad,  flattened  bones  of  very  dense  tissue,  along  the  lower 
edge  of  which  was  set  one  row  of  small,  robust  teeth,  which  were 
neither  implanted  in  sockets  uor  cemented  to  the  jaw,  but  were  formed 
by  the  consolidation  and  prolongation  of  the  jaw  tissue.  The  mandi- 
bles are  over  two  feet  long  by  six  inches  deep,  laterally  flattened  and 
very  massive,  being  without  any  medullary  cavity.  The  anterior  ex- 
tremity was  turned  up  in  a  huge  triangular  tooth,  composed  of  dense, 
ivory-like  tissue,  which  articulated  with  (passing  between)  the  diverg- 
ent incisors  of  the  upper  jaw.  Back  of  this  terminal  tooth,  on  some 
specimens,  was  another. triangular  summit,  behind  which  was  a  row  of 
small  teeth,  corresponding  to  those  of  the  maxillaries.  Such  was  the 
power  of  this  tremendous  dental  apparatus,  that  the  bodies  of  our 
largest  living  fishes  would  be  instantly  pierced  and  crushed  by  it,  if 
exposed  to  its  action.  Beliind  the  head  were  large  and  thick  plates, 
one  of  which  corresponded  to  the  "on  medium  dorsi"  of  Heterostius 
(Pander)  ;  being  at  least  of  equal  size. 

These  interesting  fossils  were  found  in  the  calcareous  concretions, 
which  occur  so  abundantly  near  tlic;  base  of  the  "  Black  Shale " 
(Hamilton)  at  Delaware,  in  Central  Ohio,  by  Mr.  Ilerzer,  a  clergy- 
man, who,  while  performing  his  pastoral  duties,  and  living  on  a  very 
small  salary,  had  been  a  most  zealous  and  remarkably  successful  stu- 
dent of  the  local  geology. 
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1.  On  thk    Zoological  Affinities    of  thk    Tabulate  Corals, 
By   A.  E.  Vereill,  of  New  Haven,  Conn. 

Thk  various  kinds  of  cui-al-like  structures  are  now  well  known  to 
be  produced  by  several  very  different  classes  of  animals,  and  also,  in 
some  cases,  by  certain  low  plants.  Thus  we  may  have  Molluscan 
corals  (Bryozoa);  Corals  of  Halcyonoid  Polyps  ( Tuhipora,  Gorgonim, 
red-coral) ;  Corals  of  Madreporian  Polyps  ( ^fadrejjora,  Pontes,  As-, 
trcea,  3T(e(indrina);  Corals  of  Actinoid  Polyps  (Ant/jmthes,  etc.)  ; 
Hydroid  Corals  ( Sertidaria,  3fill(:pora);  Protozoan  Corals  ( Pobjtrema 
and  various  other  stony  sponges,  JEozoon  and  other  Foraminifera); 
Vegetable  Corals  ( NiilUpom  CoraUlna,  etc.). 

Although  the  nature  of  most  of  the  living  forms  is  now  pretty  well 
known,  it  is  often  very  difficult  to  decide  upon  the  affinities  of  various 
fossil  forms,  wliich  have  no  living  representatives.  And  since  coral- 
like organisnvs  are,  next  to  shells,  the  most  abundant  and  characteristic 
fossils  in  many  formations,  it  becomes  a  matter  of  great  interest  to 
ascertain  their  true  position  in  the  Animal  Kingdom.  The  periods 
when  certain  classes  and  orders  of  animals  first  appeared  in  geological 
time  will,  also,  be  materially  changed  by  diverse  interpretations  of 
the  affinities  of  fossil  corals. 

Among  the  most  important  doubtful  groups,  at  the  present  time,  are 
the  Cyathophylloid  Corals  and  the  Tabulate  Corals  ( Zoantharia  Rugosa 
and  Zoantharia  Tabulata,  Edwards  and  Haime).  The  former  are  re- 
ferred by  Milne  Edwards  and  Haime,  and  most  other  writers,  to  the 
Madreporian  Polyps,  but  as  a  distinct  family,  tribe,  Sub-order,  or  order, 
by  dirt'e'rent  authors.  Certain  writers,  however,  have  referred  several 
of  the  genera  to  the  mollusca,  near  Ilijj^^urites.  But  Prof  Agassiz 
refers  the  entire  group,  together  with  the  Tabulata,  to  the  Hydroids.* 

The  Tabulate  Corals  were  introduced  among  the  Madreporian  Corals 
by  ]*rof.  Dana,  in  whose  excellent  work  they  form  only  a  distinct 
group,  but  the  genera  were  arranged  according  to  characters  other  than 
the  existence  or  absence  of  transverse  plates.    By  Edwards  and  Haime 

*  Proceedings  of  tlie  Boston  Society  of  Natural  History,  "Vol.  VI.  p.  373,  lb59. 
Contributions  to  tiie  Natural  History  of  the  United  States,  Vol.  III.  pp.  Gl-3  and 
IV.  pp.  2'J2-0  and  838. 
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they  were  united  into  one  group,  on  account  of  this  one  structural  char- 
acter, the  importance  of  whicli  is  very  doubtfuL  Some  of  the  Tabu- 
late genera  liave  also  heen  referred  elsewhere.  Thus  Rominger*  h.as 
endeavored  to  prove  that  Gltci'tefes  and  allied  forms  are  Bryozoa,  and 
Dana  referred  Aulapora  and  Si/ringopora  to  the  Alcyonaria. 

Prof.  Agassi z  obsei"ved  the  living  animals  of  MiUepora  at  the  Flor- 
ida reefs,  and  found  that  the  larger  cells  are  occupied  by  animals  dif- 
ferent from  those  that  form  the  small  ones  scattered  between  them, 
and  that  both  kinds  correspond  with  the  polymorphous  individuals  that 
form  the  compound  colonies  of  many  kinds  of  Hydroids.  In  the  ani- 
mals of  3IiUepora,  as  figured  and  described  by  Prof.  Agassiz,  the 
mouth  is  at  the  prominent  extremity  of  the  long,  slender,  or  clavate 
body,  and  the  short,  capitate  tentacles  do  not  form  a  circular  wreath 
around  a  distinct  oral  disk,  but  are  clustered  around  the  upper  part  of 
the  body  in  an  irregular  manner.  The  tentacles,  like  the  whole  body, 
have  the  Hydroid  characters  well  marked.! 

Finding  the  tabulated  MiUepora  a  well-characterized  Hydroid,  Prof. 
Agassiz  very  naturally  referred  all  other  Tabulata  to  the  same  order, 
although  among  them  there  are  several  distinct  types  of  structure, 
very  difterent  from  JSriUepora.  On  account  of  the  existence  of  trans- 
verse plates  or  septa  in  many  Eugosa^  he  supposed  that  this  group 
would  also  prove  to  be  lij'droids.  As  there  are  no  living  representa- 
tives of  these,  it  will  be  very  difficult  to  determine  their  true  nature 
with  certainty,  but  there  are  apparently  many  good  reasons  for  retain- 
ing them  among  the  true  Polypi.  Many  of  them,  also,  do  not  present 
transverse  septa,  while  the  radiating  septa  are  often  highly  developed, 
indicating  that  the  body  of  the  animal  was  divided  up  into  radiating 
chambers,  a  feature  not  found  among  Hydroids,  but  most  characteristic 
of  the  true  Polyps. 

Among  the  tabulated  corals,  we  find  two  well-marked  groups.  The 
first  includes  Millepora  and  Heliopora  among  living  corals,  Heliolites, 
and  many  other  fossil  genera.  In  these  there  are  nearly  circular,  tubu- 
lar cells,  separated  by  a  porous  coenenchyma,  in  which  there  are  smaller 

*  Proceedings  of  the  Philadelphia  Academy  of  A'atural  Sciences.     18GG,  p.  113. 

t  Prof.  C.  Fred.  Jlartt  informs  me  that  while  collecting  specimens  of  Afillcpora 
(^M.  alricornis  L.,  M.  nitida  V.  etc.}  at  St.  Thomas  and  on  the  coast  of  Brazil,  they 
stung  his  hands  severely  in  parts  where  the  skin  is  tender,  unless  liandled  with 
great  care.  This,  also,  i.s  a  character  of  the  Hydroids  rather  than  of  the  true 
Polyps.  A  large  Hydroid  was  observed  by  Mr.  Bradley  at  Panama  to  have  the 
same  power. 
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cells,  whicli  sonu'times  form  circular  clusters  around  the  larger  ones. 
Tlie  two  fufuis  of  tlie  cells  indicate  the  dlmorjdious  character  of  the 
animals  forming  them,  which  is  a  common  if  not  characteristic  fe£t- 
ture  of  many  families  of  Hydroids.*  The  cells  themselves  are  divided 
transversely  by  nlore  or  less  nunlerous  plates,  but  the  radiating  septa 
are  either  entirely  absent  or  represented  only  by  slightly  raised  lines 
Upon  the  walls  of  the  cells  or  the  upper  surface  of  the  transverse  septa. 

The  second  group,  including  Pocillipora  and  Seriatipora,  among  liv- 
ing corals,  and  Favosites,  Columnaria,  etc.,  among  fossil  ones,  contains 
genera  that  have  the  cells  ttll  similar,  and  usually  united  directly  to- 
gether by  the  distinct  walls,  or  a  compact  coenenchyma.  In  these  the 
transverse  plates  are  usually  quite  as  regular  and  complete  as  in  the 
first  group,  or  even  more  so,  but  the  radiating  septa  are  also  frequently 
very  well  developed,  forming  cjxles  of  six,  twelve,  twenty-four,  or  other 
multiplies  of  six,  precisely  as  in  the  Madreporians,  and  in  some  cases 
these  extend  inward  from  the  wall,  so  as  to  join  a  central  columella. 
In  some  species  of  Pocillipora  f  there  are  twelve  radiating  plates,  as 
well  developed  as  those  of  many  true  Madrepores. 

Hoping  to  gain  some  positive  evidence  upon  this  question,  Mr.  F. 
H.  Bradley,  while  collecting  specimens  at  Panama  for  the  Museum  of 
Yale  College,  was  requested  to  examine  the  living  animals  of  Pocilli- 
pora cajntata  V.,  which  occurs  iii  that  region  quite  commonly.  This 
he  was  able  to  do  without  much  difficulty,  since  the  polyps  of  Pocilli- 
pord  are  tolerably  large  and  expand  readily  in  confinement,  differing 
greatly  in  both  these  respects  from  those  o{ Millepora.  Although  pro- 
vided only  with  a  good  pocket  lens,  his  observations  and  drawings  are 
of  importance  with  reference  to  the  question  under  discussion.  A 
careful  microscopic  examination  is,  however,  still  very  desirable.  Ac- 
cording to  his  drawings  and  descriptions,  this  Pocillijjora  has  exsert 
polyps,  with  tw-elve  equal,  round,  moderately  long,  tapering  tentacles, 
which  surround  the  edge  of  the  oral  disk  in  a  single  circle,  six  being 
ordinarily  held  upright,  while  the  alternate  six  bend  outward.  Twelve 
radiating  lines,  considered  to  be  the  edges  of  the  internal  radiating 
lamelhe,  showing  through  the  translucent  disk,  pass  from  between  the 
bases  of  the  tentacles  to  the  stomach.     Thus   these  animals  have  all 

*  Dimorpliisra  among  true  Polyps  is  known  only  in  the  Penatulacea,  and  in  the 
genus  Sarcophjton,  among  the  Akjonaria,  unless  the  terminal  polyps  of  Madrepora 
be  considered  a  dimorphous  form. 

\  Pocillipora  stellata  Verrill,  from  Zanzibar,  is  a  good  example. 
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the  external  characters  of  those  of  Pontes  and  Madrepora.  Indeed, 
Mr.  Bradley  states  that  when  comparing  the  expanded  polyps  of  the 
Pucillijjora  and  a  species  of  Porites,  living  witli  it,  and  placed  side  hy 
side,  he  could  see  no  difference  except  in  tlie  color  and  posture  of 
the  tentacles,  those  of  the  Porites  being  held  all  in  the  same  position. 
From  these  observations  it  seems  necessary'  to  conclude  that  Pocillipora, 
and  other  Tabulate  Corals  belonging  with  it,  are  true  Madreporian 
Polyps,  allied  to  the  Poritidce  in  some  characters,  and  to  Sty lophor idee 
iu  others,*  but  forming  two  or  more  distinct  families. 

If  these  conclusions  be  well  foundtfd,  the  Tahulata  form  an  artificial 
and  unnatural  group,  which  should  be  dismembered  and  the  various 
genera  distributed  between  the  Hydroids  and  Madreporian  corals,  in 
accordance  with  other  and  more  important  characters. 


2.  Considerations  drawn  from  the  Study  of  the  Orthoptera 
OF  North  America.  By  Samuel  H.  Sgudder,  of  Cambridge, 
Mass. 

The  Orthoptera  of  North  America  have  received,  as  yet,  but  little 
attention.  Those  of  New  England  alone  have  been  carefully  enumer- 
ated. Any  comparison,  therefore,  of  the  Orthoptera  of  Europe  and 
America  must  be  based,  so  far  as  this  continent  is  concerned,  on  our 
knowledge  of  the  New  England  fauna.  This  limited  region  has  a  nu- 
merical preponderance  of  species  over  any  European  district  of  equal 
extent  with  which  it  can  fairly  be  compared.  Situated  in  the  latitude 
of  Southern  Europe,  the  climate  and  physical  features  of  New  England 
bear  a  stronger  resemblance  to  the  Scandinavian  peninsula  than  to 
any  other  part  of  Europe.  Yet  New  England  possesses  seventy-nine 
species  of  Orthoptera,  and  Northern  Europe  has  scarcely  more  than 
half  that  number,  viz.,  forty-three.  In  point  of  numbers,  the  Orthop- 
tera of  New  England  stand  midway  between  those  of  Northern  and 
Middle  Europe,  the  latter  having  one  hundred  and  twenty-six  species. 

A  separate  comparison  of  the  families  brings  to  light  some  very  in- 
teresting features. 

*  In  the  Voyage  de  TAstrolabe,  Quoy  and  Gaimard  have  figured  two  species  of 
'  rocillipora,"  both  having  twelve  equal,  tapering  icntacli  3.  One  of  these  is  a 
Stylophora,  according  to  Edwards  and  Haime,  but  the  other  acenis  to  be  a  true  Pocil- 
lipora. 
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One-ei<j;ht!i  of  the  ppecies  of  Forficulina  which  occur  in  Europe  are 
found  in  the  northern  part,  one-half  in  tlio  niiddh',  and  livo-eiglitlis  in 
Southern  Europe.  North  America  does  not  seem  to  be  rich  in  Forfic- 
nhiriaiiR.  Xew  Enj^land  possesses  but  two  species,  or  one  less  than  is 
found  in  Northern  Europe. 

One-fifth  of  the  species  of  European  Blattina  occur  in  the  northern 
part  of  tlie  continent,  one  half  in  the  middle,  and  seven-eighths  in 
Southern  Europe,  showing  a  great  preponderance  of  species  towards 
the  south.  New  England  has  seven  species,  and  stands  midway  be- 
tween Northern  Europe  (five)  aiTd  Middle  Europe  (nine). 

No  species  of  Mantis  occurs  in  New  England,  although  one  species 
is  found  in  Maryland,  and  another  is  described  (erroneously  ?)  from 
New  York.  In  Europe,  one  species  alone  extends  as  far  north  as 
Middle  Europe.  A  single  species  of  Phasmida  is  found  in  the  south- 
ern half  of  New  England,  but  no  species  occurs  either  in  Northern  or 
Middle  Europe ;  two  are  described  from  Southern  Europe,* 

Of  Gryllodea,  a  single  or  at  most  two  species  occur  in  Northern 
Europe.  Ten  species,  or  tw^o-fifths  of  those  found  on  the  whole  conti- 
nent, occur  in  Middle  Europe,  and  seven-eighths  of  the  whole  number 
in  Southerji  Europe.     In  New  England  there  are  eleven  species. 

Of  Locustariee,  Northern  Europe  possesses  fourteen  species,  or  two- 
elevenths  of  the  whole  continental  fauna ;  Middle  Europe  has  thirty- 
nine,  or  one-half  of  the  whole,  while  Southern  Europe  has  forty-nine,  or 
five-eighths.  In  this  group  we  begin  to  have  a  more  equable  propor- 
tion, approaching  to  a  balance  of  sf)ecies  between  the  North  and  South. 
Here,  also,  New  England,  which  has  only  sixteen  species,  is  more  closely 
allied  to  Northern  Europe.  New  England,  however,  cannot  always  be 
taken  as  a  representative  of  the  whole  continent ;  for  America  is  ex- 
tremely well  supjjlied  with  species  of  this  family,  and  jieculiarly  so  in 
the  case  of  certain  genera. 

Twenty  species  of  Acridiodea,  or  more  than  one-fourth  of  the  whole 
continental  fauna,  are  indigenous  to  Northern  Europe.  Middle  Eu- 
rope has  fifty-five  species,  or  five-eighths  of  the  whole  number,  wdiile 
Southern  Euroj)e  possesses  only  fifty-one.  This  shows  that  the  family 
affects  the  more  temperate  regions.  It  is  the  only  family  of  Orthop- 
tera  in  which  there  is  a  preponderance  of  species  towards  the  North. 
New  England,  however,  contrary  to  what  we  should  expect  from  our 
comparison  of  the  Locustarise,  is  extremely  rich  in  forms  of  this  fiim- 
ily,  forty-two  species  being  found  within  its  limits.  The  other  por- 
tions of  America  are  almost  equall}''  rich. 
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The  following  genera  of  Orthopteva  occur  in  New  England,  and  are 
unrepresented  in  Northern  and  Middle  Europe  :  Diapheromera,  l*an- 
chlora,  Platamodes,  Ceuthopliilus,  Cyrtophyllus,  ]\Iicrocentruni,  Trago- 
cephala,  and  Tettigidea.  Very  many  more,  including  many  genera 
yet  undescribed,  might  be  added  from  other  parts  of  North  America. 
On  the  other  hand,  Onconotus,  Orphania,  Odontura,  Saga,  Locusta,  and 
Decticus,  w'bich  occur  in  Northern  and  Middle  Europe,  will  be  vainly 
sought  for  in  New  England.  The  genera  Forficula  and  Stenobothrua 
are  much  more  richly  developed  in  Northern  and  Middle  Europe  than 
in  New  England. 

Going  beyond  the  limits  of  New  England,  we  shall  find  in  Europe 
but  one  or  two  representatives  of  the  sub-family  which  includes  Ha- 
denojcus,  or  the  genus  of  Orthoptera,  found  in  the  caverns  of  Austria 
and  Kentuck}^,  while  America  contains  many  genera,  and  very  many 
species,  especially  in  the  genus  Ceuthophilus.  Conocephalus  is  also 
richly  developed  in  America.  I  am  acquainted  with  nearly  twenty 
species,  while  only  one  species  is  found  in  Europe.  Finally,  oedipoda 
and  the  family  of  minute  Tettigideans  are  much  more  abundant  in 
America,  and  even  in  New  England  alone,  than  in  the  whole  continent 
of  Europe. 


3.  The  Embryology  of  Libellula  (Diplax)  with  Notes  on 
THE  Morphology  of  Insects  and  the  classification  op 
THE  Neuropteka.     By  A.  S.  Packard,  Jr.,  of  Salem,  Mass. 

This  paper  embraces  a  description  of  the  egg  and  the  evolution  of 
the  embryo,  of  which  seven  successive  stages  are  described. 

These  stages  are  represented  by  the  following  steps  :  1°,  The  forma- 
tion of  the  anterior  part  of  the  head,  the  ventral  wall  of  the  thorax, 
and  the  formation  of  the  mouth-parts  and  thoracic  appendages. 

2°,  The  appearance  of  the  rudiments  of  the  eyes.  The  appearance 
of  the  abdomen.  This  stage  is  compared  with  the  embryo  of  the 
spider,  as  worked  out  by  Claparcde,  and  of  the  crawfish,  as  studied  by 
H.  Ptathke. 

3°,  The  differentiation  of  the  head  into  the  eye-bearing  piece,  the 
epicranium  and  clypeus,  and  the  approximation  of  the  fourth  pair  of 
appendages  destined  to  form  the  labium.  The  appearance  of  the  ru- 
diments of  the  anal  stylets.      The  closure  of  the  dorsal  wall  of  the 

VOL.   XVI.  20 
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body  over  the  yolk  mass.  The  three  divisions  of  the  body  into 
head,  thorax,  and  abdomen  have  now  become  distinct. 

4°,  The  appearance  of  articulations  in  the  appendages.  The  labium 
rests  flat  upon  the  under  side  of  the  body,  the  articulations  of  the 
thorax  and  abdomen  appear,  and  there  is  a  greater  equality  in  the 
size  of  the  three  regions  of  the  body  than  before.  Appearance  of  the 
nervous  ventral  cord.    Formation  of  the  tracheaa  and  alimentary  canal. 

5°,  Lepisma-like  stage.  6°,  Thickening  of  the  abdomen.  The  la- 
bium is  raised  from  the  breast  towards  the  mouth. 

7°,  Description  of  the  newly -hatched  larva,  and"  its  transformations. 
General  conclusions. 


4.  The  Insect  Fauna  of  the  Summit  of  Mount  Washington, 
as  compared  with  that  of  labradoit.  by  a.  s.  packard, 
Jr.,  of  Salem,  Mass. 

The  following  notes  q,re  thrown  together  rather  to  furnish  a  sum- 
mary, from  datg,  only  approximately  correct,  of  our  present  knowledge 
of  the  distribution  of  Alpine  and  Arctic  Lepidoptera,  than  to  give  any- 
thing like  a  complete  account. 

The  summit  of  Mount  Washington,  or  that  portion  lying  above  the 
limit  of  trees,  agrees  in  its  climate  and  other  physical  features  very 
closely  with  those  of  the  coast  of  Northern  Labrador,  as  observed  at 
Hopedale,  in  latitude  *55°  35'. 

The  seasons  correspond  very  exactly,  as  the  snow  melts  in  the  early 
summer,  and  ice  is  formed  early  in  the  autumn  at  about  the  same  dates. 

As  is  well  known,  the  Alpine  flora  of  the  White  Mountains  is  iden- 
tical with  that  of  the  arctic  regions,  which  extends  far  southward 
along  the  Atlantic  shore  of  Labrador.  Not  only  is  the  flora  identical 
so  that  no  species  of  plant  is  known  to  be  restricted  exclusively  to 
our  Alpine  summits,  but  the  times  of  leafing,  of  flowering,  and  fruit- 
ing of  plants  is  much  the  same.  Such  was  observed  in  the  Hubus 
chamcBmouis  and  Arenaria  Greenlandica,  for  example. 

It  is  also  the  same  apparently  with  the  fauna.  The  Ghionohas  semi- 
dea  flies  late  in  July  and  early  in  August,  in  greatest  abundance,  at  the 
same  time  that  its  representative  species  swarm  over  the  bare,  rocky 
hill-tops  of  the  Labrador  coast.  Their  appearance  heralds  the  close  of 
summer,  both  on  tlie  extren/e  summit  of  Mount  Washington  and  the 
exposed  hills  of  Labrador. 
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Most  is  known  of  tlie  Lepidopterous  fa'una  of  Alpine  and  arctic  re- 
gions, both  in  America  and  Europe,  and  our  data  will  be  drawn  from 
this  group  of  insects.  In  Europe,  Thunberg,  Zetterstedt,  Duponchel, 
Boisduval,  Staudinger,  and  Wocke,  have  studied  the  circumpolar  lepi- 
dopterous fauna ;  JMoschler  and  Christoph,  Clemens  and  Scudder  and 
the  writer,  have  described  the  insects  of  Labrador,  and  Messrs.  Scud- 
der, Shurtleff,  and  Sanborn  have  explored  the  insect  fauna  of  Mount 
Washington,  and  other  Alpine  summits. 

According  to  Dr.  Staudinger,  out  of  sixteen  butterflies  found  in  Fin- 
mark,  two  only  (Erebia  Manto  and  Argynnis  Thore)  occur  in  the  Alps 
and  also  in  Siberia.  But  two  or  three  butterflies,  among  them  Chion- 
ohas  Aello,  so  far  as  we  have  been  able  to  learn,  are  peculiar  to  the  Alps. 
Of  122  species  of  lopidoptera  inhabiting  Labrador,  70  are  found  only  in 
Labmdor  and  Arctic  America,  while  43  are  circumpolar,  namely,  occur 
on  both  sides  of  the  Arctic  Ocean,  being  found  in  Einmark  and  the 
mountains  of  Norway ;  six  species  inhabit  the  summit  of  Mount  Wash- 
ington, and  five  of  the  whole  number  also  inhabit  the  Swiss  Alps. 
Two  of  the  European  Alpine  species  are  found  on  Mount  Washington, 
New  Hampshire.  The  following  table  gives  a  summary -of  the  dis- 
tribution of  the  species  of  the  different  families. 

DISTRIBUTION   OF  LABRADOR  LEPIDOPTEtlA. 


Names. 

Circumpolar. 

LMbrador  and 

Arctic  America 

exclusively. 

Alps. 

Mt.  Washington. 

Butterflies 

Bombycidaa 

Noctuida; 

Phalaenidae 

Pyralida; . 

Tortricidae 

Tineidae    . 

5 
1 
L9 
10 
3 
3 
2 

8 
2 
]3 
16 
10 
14 
.  7 

1 

4 

1 
2 
2 

1 

Total 

43 

70 

5 

6 

Certain  genera  among  insects,  as  among  MoUusca,  are  almost  ex- 
clusively arctic.  Such  are  Chionohas  and  Anarla,  which  are  paralleled 
by  the  two"  marine  genera  Astarte  and  Buccinum. 

Two  species  LycaPMa  Aquilo  (Pohjommatus  FrayikUnii)  and  Cidaria 
polata,  abounding  in  Labrador  and  the  polar  regions,  have  not  yet  been 
found  on  Mount  Washington.     Tliis  is  parallelcil  Ijy  the  occurrenco 
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of  certain  mollusca,  e.  g.  Leda  truncata,  in  the  high  arctic  seas,  which 
have  become  extinct  in  the  seas  southward,  where  they  are  now  found 
fossil;  so  that  the  distribution  of  the  arctic  insect  fauna  seems 'to  be 
paralleled  by  that  of  arctic  marine  invertebrates.  As  in  the  tem- 
perate seas  certain  abysses  and  banks  swept  by  the  arctic  currents 
are  peopled  by  outliers  of  an  arctic  marine  fauna,  so  the  Alpine  ele- 
vations' or  atmospherical  abysses,  rising  out  of  a  temperate  into  an 
arctic  climate,  seem  peopled  by  outliers  of  an  arctic  land  fauna. 
These  outliers  are  relics  of  an  arctic  fauna,  that  during  the  early  part 
of  the  Quaternary  period,  i.  e.  the  Glacial  Epoch,  peopled  the  surface 
of  the  temperate  zone. 

We  cannot  suppose  a  special  creation  of  organized  beings  for  the 
Alpine  summits.  Ghionobas  semidea  and  Argynnis  montinus,  thus 
far  only  known  to  inhabit  the  summit  of  Mount  Washington,  oiay 
still  be  found  northward ;  or,  if  not,  probably  became  extinct  north, 
finally  localizing  themselves  on  the  single  peak  where  they  now  occur. 

On  the"  other  hand  the  occurrence  of  Ghionohas  Ghryxus  Doubld. 
on  Pike's  Peak,  and  Ghionohas  Nevadensis  Boisd.  found  in  Nevada, 
is  in  fiwor  of  those  species  being  autochthonous,  though  they  may  yet 
be  found  northwards  towards  the  arctic  -circle. 

The  Zygfenidre  are  represented  in  arctic  Europe  and  the  Alpine 
summits  by  Zj/grena  exulans;  but  this  is  not  a  circumpolar  or  arctic 
species.  No  member  of  this  family,  or  of  the  Sphingidse  or  ^geri- 
adpe  is  circumpolar  or  found  in  Arctic  America. 

Of  the  Bombycidm  but  one  species,  Arctia  Quenselii  is  circum- 
polar, being  found  in  Finnmrk  and  Labrador,  and  also  on  the  Alps 
and  Mount  Washington.  An  allied  form,  if  it  be  not  a  mere  variety 
of  this  variable  species,  A.  cervini  Guen.ee,  is  found  on  the  Alps. 

"^  Bince  puLlisliing  the  View  of  the  Lepidopterous  Fauna  of  Labrador  CPro- 
ceedings  Boston  Soc.  Nat.  Hist.  Jan.,  1867),  I  have  I'eceived  a  valuable  collection 
of  arctic  moths  from  Dr.  Staudinger,  which  have  enabled  me  to  compare  the  Lab- 
rador species  more  satisfactorily  with  European  types. 

A imrta  nigro-liinaf a 'Pack.  This  is  identical  with  ^.  ?»c/rt?!o/)a..  Two  males,  one 
from  Labrador  and  the  other  from  the  summit  of  Mount  Washington,  New  Hamp- 
shire, scarcely  diffei* ;  the  latter  specimen  is  a  little  larger,  and  the  hind  wings  are 
a  little  more  dusky  at  base,  the  blackish  portion  partly  including  the  discal  dot, 
while  the  black  border  is  a  little  broader  than  in  the  Labrador  specimen.  A  fe- 
male from  t'lie  Swiss  Alps  is  still  more  dusky  on  the  hind  wings. 

Anarta  Ifticoiyda  Stau'd.  Was  foimd  on  Mount  Washington  in  July,  and  is  like 
specimens  from  Labrador  and  Lapland. 

Atuirta  biajclii.  Pack,  is  identical  with  A.  melaleura  CThunbergJ  from  Lapland. 
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Another  form,  Orgyia  ?  Bossii,  is  found  in  Arctic  America  and 
liaLrador ;  Platarctla  borealls  occurs  in  Labrador,  while  a  represen- 
tative species  and  very  closely  allied,  P.  partltenos,  is  found  at  Lake 
Supex'ior  and  the  White  INIountains. 

There  are  no  autochthonous  species  in  N^orthern  or  Alpine  Europe 
that  seem  to  offset  these  two  species.  Platarctia  is  a  truly  American 
genus,  and  the  affinities  of  the  genus  to  which  Laria  (Orji/ia?)  Mos- 
sii  belongs  are  as  yet  conjectural. 

Of  the  extensive  family  Noctuidse,  there  are  thirty-one  species  found 
in  Labrador.  Of  these,  thirteen  are,  so  far  as  known,  only  found  in 
Labrador ;  about  nineteen  are  circumpolar,  or  found  on  both  sides  of 
the  Northern  Atlantic ;  thirteen  have  thus  far  only  been  detected  in 
Finmark,  while  four  occur  on  the  Alps.  Two  species  have  been  de- 
tected "on  Mount  Washington. 

Of  the  genus  Anarta,  twelve  inhabit  Labrador  (this  including  A.  lute- 
ola  Grote,  discovered  at  Quebec),  twelve  live  in  Finmark ;  two  species, 
A.  inelanojm  and  A.  funesta,  inhabit  the  ^Ips,  and  two  also  the  summit 
of  Mount  Washington.  The  European  Alpine  species  are  Anarta 
melanojia  and  A.  funesta,  while  A.  melanopd  and  A.  leucocycla  live  on 
Mount  Washington.  A.  melanopa  is  circumpolar  and  Alpine  on  both 
hemispheres,  while  A.  funesta  and  A.  leucocycla  are  only  circum- 
polar.* 

No  species  is  known  to  us  to  be  exclusively  Alpine. 
Of  the  Phalsenidfe  less  is  positively  known,  as  the  Labrador  species 
have  not  been  so  carefully  compared  with  those  of  Arctic  Europe,  dnd 
several  of  those  described  from  Labrador  may  prove'  to  be  synonymes 
of  European  forms. 


*  Cidarta  fninrnfn  Ilufii.  var.  from  Iceland.  A  specimen  from'  Carribou  Islam!, 
Straits  of  Belle  Isle,  belongs  to  this  form,  in  wliicli  the  middle  of  the  wing  is  gray- 
ish, not  being  so  dark  as  the  more  typical  specimens. 

Cidaria  atiraia  Packard.     From  the  White  Mountains  and  Labrador;  is  distinct 

■* 
from  but  allied  closely  to  C.  aesiata  from  Lapland. 

C.  ahrusaria  H.-S.  A  specimen  from  Carribou  Island  agrees  well  with  a  speci- 
men from  Iceland  sent  by  Dr.  Staudinger. 

Cidaria  nigro-fusciata  Packard,  from  Labrador,  is  very  closely  allied  to  C.  abra- 
saria  II.-S.  found  in  Finmark  and  Lapland,  and  may  prove  to  be  a  variety  of  it. 

Melanippe  Itastata  (Linn).  Specimens  from  Lapland  are  not  distinguishable  from 
M.  gothicata  Guen,  taken  in  Labrador.  , 
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Staudiiiger  states  that  of  thirty  species  of  this  fainilj^  found  in  Fin- 
mark  (which  is  almost  exactly  the  geographical  equivalent  of  Labra- 
dor), three  are  found  in  the  Alps,  and  five  are  polar. 

On  the  other  hand,  of  twenty-six  species  thus  far  found  in  Labrador, 
ten  are  circumpolar,  and  two  occur  on  Mount  Washington,  leaving  six- 
teen indigenous  to  Labrador. 

Of  the  distribution  of  the  remaining  lepidopterous  families  what 
little  is  known  is  exhibited  in  the  preceding  table. 


iSrOTE  TO  THE   PAPER  OF  J.  P.  PERRY. 

(TO  BE   INSERTED  IN  PAGE  134.) 


The  following  brief  list  of  primordial  fossils  found  in  Vermont  will  make  the  dis- 
cordance, to  which  I  have  alluded,  evident.  Omitting  the  Lower  Taconic,  and 
readiiig  from  bdow  upward,  we  Imve" : 


It.    Potsdam  Sandstone. 


Georgia  Slate. 


SAvanton  Slate. 


'  Conocephalites  Vulcanus  (B.). 
Conocephalites  Adamsi  (B.). 
Brachiopods,  several  undescribed  species. 
Lingula,  probably  two  species. 
Crinoids. 

Scolithus  linearis  (H.). 
Fucoids,  described  and  imdescribed. 

Articulates,  probably  two  undescribed  species. 

Conocephalites  Teucer  (B.). 

Olenellus  Vermontana  (H.). 

Olenellus  Thompsoni  (H.). 

Camerella  antiquata  (B.). 

Orthisina  festinata  (B.). 

Orthis,  undescribed. 

Obolella  cingulata  fB.). 

Palffiophycus  congregatus  CB.). 

Palaeophycus  incipiens  (B.^. 

Chonclrites,  one  or  two  undescribed  species. 

Articidates,  one  or  two  undescribed  species. 
Atops  trilineatus  CEm.j. 
Graptohtes,  several'  species. 
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HISTORY   OF   THE   MEETING. 

The  Sixteenth  Meeting  of  the  American  Association  for  the  Ad- 
vancement of  Science  was  held  at  Burlington,  Vermont,  commencing 
on  Wednesday,  August  21,  and  continuing  to  Monday  Evening.  Au- 
gust 26. 

Seventy-three  names  are  registered  in  the  book  by  members  who 
attended  this  meeting.  Forty-seven  new  members  were  chosen,  of 
whom,  however,  only  twelve  have  as  yet  signified  their  acceptance  by 
paying  the  annual  assessment,  and,  when  practicable,  signing  the  con- 
stitution. Seventy-five  papers  were  presented,  most  of  which  were 
read,  and  some  of  them  discussed  at  great  length. 

The  sessions  of  the  Association  were  held  in  the  City  Hall  and  the 
adjoining  Court  House.  At  about  10  o'clock  A.  M.  on  Wednesday  the 
members  were  called  to  order  by  the  Permanent  Secretary,  Joseph 
Lovering,  in  the  absence  of  Ex-President  Barnard,  and  Prof.  J.  S. 
Newberry  was  introduced  as  the  President  of  the  Association  for  the 
year.  At  the  request  of  the  Standing  Committee,  prayer  was  offered 
by  Prof.  M.  H.  Buckham  of  the  University  of  Vermont.  After  which 
Hon.  Torrey  E.  Wales,  Mayor  of  the  City  of  Burlington,  welcomed  Ae 
members  of  the  Association,  in  behalf  of  the  citizens,  in  the  follow- 
ing words : — 


HTSTOUY    OF    THE    MKETTXa  1it\i\ 

Mr.  PiiKsimiXT   and    Gentlemen   of    the  American    Associa- 
tion FOR  THE  Advancement  of  Science:  — 

It  is  my  duty  and  pleasure  on  this  occasion  to  welcome  you  to  Bur- 
lington. I  feel  some  degree  of  embarrassment  in  addressing  you  these 
few  words  of  welcome,  because  I  know  so  little  of  the  history  of  your 
Association  I  have  learned,  however,  sufficient  in  regai-d  to  it  to  con- 
vince me  that  it  merits  the  sympathy  and  support  of  all  good  men. 

Its  great  aim  seems  to  be  to  bring  together,  once  in  every  year,  the 
votaries  of  science  in  all  its  various  departments,  throughout  the  coun- 
try, that  they  may  interchange  thoughts  and  opinions,  investigate  and 
discuss  questions  of  scientific  interest,  and  by  their  union  of  effort  pro- 
mote the  advancement  of  science. 

And  this  we  understand  to  be  the  object  of  the  present  meeting, 
and  in  behalf  of  the  jjeople  of  Burlington  I  give  j^ou  a  ver}''  cordial 
welcome  to  our  city.  But  after  the  magnificent  reception  and  enter- 
tainment which  you  received  from  the  generous  citizens  of  Buffalo  last 
year,  what  can  the  peojile  of  Burlington  ever  hope  to  do  in  compari- 
son ?  Our  city  is  not  yet  three  years  old,  and  has  less  than  ten  thou- 
sand inhabitants,  and  j^ossesses  few  of  the  attractive  features  of  large 
cities. 

It  is  now  in  a  condition  very  similar  to  that  of  the  young  man  who 
commences  life  with  no  other  capital  than  his  good  name,  but  with  an 
inflexible  determination  to  improve  his  condition. 

This  is  our  situation,  and  the  members  of  this  Association,  having 
assembled  here,  must  now  accept  it.  It  was  rather  a  surprise  to  us 
that  you  selected  this  place  for  your  present  meeting,  but  we  do  not 
despair  of  the  result,  for  we  know  that  no  place,  however  small,  is  de- 
void of  interest  to  men  of  scientific  culture,  and  that  such  men  will 
make  their  meeting  successful  whether  they  receive  the  aid  and  sym- 
pathy of  other  men  or  not. 

But  the  people  of  Burlington  will  do  their  whole  duty  upon  this  oc- 
casion. They  will  spare  no  pains  to  place  at  your  command  whatever 
they  have  that  will  contribute  to  your  convenience  or  pleasure  while 
you  remain.  I  cannot  promise  you  the  sumptuous  entertainment  that 
you  would  doubtless  receive  in  the  large  cities,  but  I  can  assure  you 
that  the  hospitality  of  our  citizens  towards  the  members  of  this  Asso- 
ciation will  be  limited  only  by  the  means  at  their  command.  And  I 
can  also  assure  you  that  our  people  are  deeply  interested  in  the  sue- 
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cess  of  this  meeting,  and  are  heartily  in  sympathy  with  its  ohject ;' 
and  though  most  of  them  are  engaged  in  tlie  ordinary  pursuits  of  life, 
they,  nevertheless,  appreciate  the  value  of  education,  and  contribute 
freely  of  their  substance  to  its  support,  and  are  not  unmindful  of  the 
presence  of  your  learned  body  in  our  city  at  this  time.  But  among 
my  fellow-citizens  there  are  those  who  can  better  appreciate  the  inter- 
ests of  science,  because  they,  like  yourselves,  pursue  knowledge  in  the 
love  of  it.  This  occasion  will  be  to  them  one  of  special  interest,  and 
they  will  welcome  you  as  friends  and  co-laborers  in  the  cause  of  truth 
and  humanity. 

Men  of  science  deserve  our  love  and  sympathy ;  for  they  labor  and 
toil,  not  for  wealth  or  station,  but  for  the  cause  of  truth  alone,  and  are 
deserving  of  the  gratitude  of  mankind,  for  the  unnumbered  blessings 
which  they  have  conferred  upon  the  race.  Other  men  may  contend 
for  political  place  and  preferment,  but  the  true  philosopher  seeks  an- 
other and  purer  atmosphere.  His  is  a  life  of  constant  study  and  of 
intense  thought.  He  finds  his  pleasure  and  delight  in  the  contempla- 
tion of  those  sublime  truths  which  God  has  impressed  on  all  his 
Avorks.  The  star  above,  the  blade  of  grass,  the  grain  of  sand  upon 
the  seashore,  all  alike  furnish  him  subjects  for  earnest  thought  and 
meditation,  which  a  life-time  of  devoted  study  cannot  exhaust. 

And  now,  may  this  meeting,  and  all  future  meetings  of  this  Asso- 
ciation, be  crowned  with  perfect  success ;  and  may  the  cause  of  sci- 
ence ever  prosper  in  your  hands.  The  people  of  Burlington  are 
deeply  indebted  to  you  fof  the  honor  you  have  conferred  upon  them  in 
this  present  meeting  of  yonr  venerable  hody,  and  for  the  happy  influ- 
ences which  such  a  meetiaig  will  exert  upon  this  community,  and  they 
will  ever  remember  the  Sixteenth  Annual  Meeting  of  this  Association 
with  just  pride  and  satisfaction.  And  may  the  members  of  this  Asso- 
ciation have  equal  cause  to  rejoice  over  the  success  of  this  meeting  ; 
and  at  the  close  of  your  labors  here,  may  you  carry  with  you  to  3'our 
homes  some  pleasant  memories  of  this  occasion,  and  of  Burlington. 

Til  is  address  of  jNIayor  Wales  was  acknowledged  by  President 
Newberry,  in  behalf  of  the  Members  of  the  Association,  substantially 
as  follows  :  — 

I  should  not  properly  express  the  feelings  of  the  members  of  the 
Association  did^I  not  say  that  they  congratulated  themselves  upon  the 
place  selected  for  this  meeting.     They  could  not  have  selected  a  more 
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agreeable  place,  both  from  its  beautiful  surroundings  and  historic  asso- 
ciations. I  have  no  fears  as  to  their  reception ;  an  excess  of  hospi- 
tality which  directs  the  attention  of  the  members  from  the  regular 
business  of  the  meeting  is  out  of  place.  I  thank  the  citizens  for  their 
interest  in  the  Association.  It  was  determined  to  be  useful.  The 
functions  of  the  Association  are  for  the  encouragement  of  learning 
which  may  be  diffused  among  the  people.  In  such  a  mission  an  insti- 
tution of  this  kind  should  be  sustained.  The  advance  in  scientific 
knowledge  made  in  this  country  has  been  rapid,  and  I  am  confident 
our  future  will  develop  other  more  useful  and  more  startling  facts. 
Of  all  associations  for  this  purpose,  the  American  is  the  best.  It  is 
in  fact  the  foundation  of  all. 

INIodesty  prevents  many  men  from  coming  forward,  who  could  con- 
tribute much  to  the  cause  of  science.  It  is  the  object  of  this  organ- 
ization to  draw  such  out.  I  hope  the  Association  will  flourish  and  be 
of  greater  usefulness  and  importance  to  the  country. 

The  Association  then  proceeded  to  the  election,  by  ballot,  of  six  ad- 
ditional members  of  the  Standing  Committee,  according  to  the  require- 
ment of  Rule  6  of  the  Constitution.  The  names  of  those  chosen  are 
printed  elsewhere  with  the  names  of  the  other  members  of  that  com- 
mittee. 

The  Association  voted  to  hold  its  next  meeting  at  Chicago,  Illinois, 
beginning  on  Wednesday,  August  5,  1868.  The  officers  elected  for 
the  next  meeting  are  :  — 

Dr.  B.  A.  Gould,  of  Cambridge,  President;  Col.  Charles  Whit- 
tlesey, of  Cleveland,  Vice-President;  Prof.  A.  P.  Rockwell,  of 
New  Haven,  General  Secretary ;  Dr.  A.  L.  Elwyn,  of  Philadelphia, 
Treasurer.  Prof.  Joseph  Lovering  was  elected  Permanent  Secre- 
tary for  another  term  of  two  years  commencing  with  the  Chicago 
Meeting. 

Dr.  B.  A.  Gould  was  appointed  to  deliver  a  eulogy  on  the  late  Prof. 
A.  D.  Bache  at  the  next  meeting  of  the  Association. 

On  Thursday  evening  a  general  meeting  was  held  in  the  Court 
House  at  which  Prof.  Josepli  Lovering  exhibited  his  experiments  on 
the  "  Optical  Method  of  Studying  Sound ;  "  and,  on  Friday  evening, 
a  general  meeting  was  held  in  the  Lecture  Room  of  the  College  Street 
Congregational  Church,  when  the  President,  J.  S.  Newberry,  delivered 
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an  address  on  "  Modern  Scientific  Investigation,  its  Methods  and  Ten- 
dencies." 

Many  of  the  members  in  attendance  upon  tliis  meeting  accepted 
the  private  hospitality,  generously  offered  by  families  in  the  city  of 
Burlington. 

On  Saturday,  August  24,  after  a  short  session  o£  the  Sections  in  the 
morning,  which  was  continued  in  the  evening,  the  members  of  the  As- 
sociation and  their  ladies,  accompanied  by  many  ladies  and  gentlemen 
of  Burlington,  by  invitation  of  the  Chamqilain  Transportation  Com- 
2>(iny,  embarked  on  board  the  beautiful  Steamer  Adirondack  and 
visited  Port  Kent  and  the  Ausable  Gorge,  near  Keeseville.  On 
their  return  they  were  bountifully  entertained  on  board  the  steamer, 
while  moving  up  and  down  the  Lake  and  enjoying  interesting  views 
of  Willsboro'  Bay,  the  Islands  of  Les  Quaiire  Verts,  and  Juniper 
Island.  On  Monday  evening,  August  26,  the  members  of  the  Asso- 
ciation had  an  evening  reception  at  the  house  of  Dr.  William  C. 
Hickok.  On  Tuesday  morning,  after  the  adjournment  of  the  Asso- 
ciation, about  twenty  members  availed  themselves  of  an  invitation, 
which  the  Association  had  received  and  accepted  from  the  Mount 
Mansfield  Hotel  Association,  to  visit  Mount  Mansfield.  They  were 
met  at  Stowe  by  Mr.  W.  H.  H.  Bingham  and,  under  his  escort,  were 
conducted  to  the  summit  of  the  mountain,  where  tliey  passed  the 
night,  enjoying  the  hospitality  of  the  Mountain  House  as  well  as  that 
of  the  Mansfield  House  at  Stowe. 
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RESOLUTIONS     ADOPTED. 


Thk  following  Resolutions  offered  by  Prof.  Alexis  Caswell  were,  on 
his  motion,  referred  to  the  Committee  on  Weights  and  Measures  of 
the  Association :  — 

Resolved,  That  the  Association  reaffirms  its  earnest  and  cordial 
sympathy  with  legislation  tending  to  the  adoption,  as  soon  as  may  be 
practicable,  of  the  metrical  system  of  weights  and  measures. 

Resolved,  That,  whereas  the  gold  dollar  of  the  United  States  bears 
practically  a  simpler  relation  to  the  metrical  system  of  weights  than 
the  gold  monetary  unit  of  any  other  country  —  and,  whereas  the 
present  dollar  is  the  unit  more  extensively  used  among  commercial 
nations  than  any  other  :  —  therefore,  in  the  opinion  of  this  Associa- 
tion, it  is  inexpedient  to  disturb  or  change,  without  the  most  cautious 
and  careful  consideration,  either  the  weight  or  fineness  of  the  existing 
monetary  unit  of  the  United  States,  viz.  the  gold  dollar. 

Resolved,  That  copies  of  these  Resolutions  be  forwarded  by  the 
Permanent  Secretary  of  this  Association  to  the  Secretary  of  the 
Treasury,  the  Chairman  of  the  Committee  of  Finance  of  the  U.  S. 
Senate,  and  to  the  Chairman  of  the  Committee  of  Ways  and  Means 
of  the  U.  S.  House  of  Eepresentatives. 

The  following  Report  of  the  Committee  on  Weights  and  Measures 
was  read :  — 

The  undersigned,  in  behalf  of  the  Committee  on  Weights  and 
Measures,  to  whom  the  Resolutions  have  been  referred  by  the  Asso- 
ciation, reports  a  cordial  approval  of  the  Resolutions.  But,  owing  to 
the  absence  of  the  majority  of  the  Committee  (of  whose  approval  he 
also  feels  convinced),  he  begs  leave  to  ask  the  concurrence  of  the 
Standing  Committee,  before  reporting  them  to  the  Association  with 
the  recommendation  that  they  be  adopted. 

(Signed)  B.  A.  Gould. 

The  Standing  Committee  having  expressed  their  concurrence  in  the 
Resolutions  offered  by  Prof.  Caswell,  they  were  unanimously  adopted 
by  the  Association. 

Resolved,  That  Dr.  John  Torrey  be  appointed  to  fill  the  vacancy 
in  the  Committee  on  Weights  and  Measures  made  by  the  death  of 
Prof.  A.  D.  Batjhe. 


1G8  HEJiOLUTIOXS    ADOPTHD. 

On  the  motion  of  Dr.  Henry  Wheatland  the  following  Preamble 
and  Resolution  were  adopted  :  — 

Whereas  the  cause  of  science  and  education  has  been  largely  pro- 
moted by  the  recent  munificent  endowments  of  George  Peabody,  Esq., 
who  has  appropiated  for  these  purposes  an  amount  exceeding  the  sum 
of  four  millions  of  dollars  :  — 

Resolved,  That  the  American  Association  for  the  Advancement  of 
Science  cordially  tender  to  Mr.  Peabody  their  sincere  thanks  for  his 
noble  contributions  to  science,  and  trust  that  his  highest  expectations, 
in  the  bestowal  of  these  gifts,  will  be  fully  realized,  and  that  these  ef- 
forts in  behalf  of  human  culture  and  progress  will  conduce  to  the  in- 
creased prosperity  and  happiness  of  the  American  people. 

Voted,  That  this  Resolution  be  transmitted  to  Mr.  Peabody  by  the 
President  of  the  Association. 

Resolved,  That  Dr.  B.  A.  Gould  be  invited  to  deliver  a  eulogy  on 
the  late  Alexander  D.  Bache,  at  the  next  meeting  of  the  Association. 

Resolved,  That  Prof.  Joseph  Lovering  be  invited  to  exhibit  at  a 
quarter  before  eight  o'clock  on  Thursday  Evening,  August  22,  1867, 
in  the  Court  House,  the  apparatus  shown  by  him  in  connection  with 
his  paper  on  the  "  Optical  Method  of  Studying  Sound." 

Resolved,  That  the  Association  accept  with  thanks  the  invitation 
presented  by  the  Directors  of  the  Champlain  Transportation  Com- 
pany to  make  an  excursion  in  the  Steamer  Adirondack  on  Saturday, 
August  24,  to  view  the  Gorge  of  the  Ausable  River. 

Resolved,  To  accept  the  invitation  of  W.  H.  H.  Bingham,  of  Stowe, 
to  visit  Mount  Mansfield  and  the  Mansfield  House  at  Stowe,  as  his 
guests. 


RESOLUTIONS    ADOP'BED.  169 

In  Section'  B,  tlie  following  resolution,  offered  by  Prof.  0.  C.  Marsh 
in  behalf  of  the  Sectional  Committee,  was  adopted  :  — 

Resolved,  That  a  commission  of  nine  members  be  appointed  by  tl'.e 
chairman  to  examine  the  Linnean  Rules  of  Zoological  nomenclature 
by  tlie  light  of  the  suggestions  and  examples  of  recent  writers,  and  to 
prepare  a  code  of  laws  and  recommendations,  in  conformit}'  with  just 
modern  usage,  and  to  be  submitted  to  the  Association  for  their  approval 
at  the  next  annual  meeting,  this  commission  to  have  authority  to  fill 
vacancies  and  to  enlarge  their  number  to  twelve,  if  deemed  desirable. 

Committee  appointed  by  Section  B.  to  revise  Zoological  Nomencla- 
ture. 

J.  D.  Dana,  J,  S.  Newberry, 

Jeffries  Wtman,  J.  W.  Dawson, 

S.  F.  Baird,  William  Stimpson, 

Joseph  Leidt,  S.  H.  Scudder, 

F.  W.  Putnam. 
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VOTES   OF   THANKS. 


Resolved,  Tliat  to  the  Mayor  and  Common  Council  of  Burlington, 
for  their  tender  of  rooms  in  the  City  Hall  and  Court  House  for  the  use 
of  this  meeting  ;  to  the  Trustees  of  the  Congregational  Church  o-n 
College  Street  for  similar  kindness  ;  and  to  the  President  and  Trustees 
of  the  College  for  their  courtesy  and  cordiality,  the  thanks  of  this 
Association  are  due,  and  that  we  accept  these  favors  from  City  and 
Church  and  Scliool  in  the  frank,  free  spirit  in  whicli  they  were  offered, 
as  a  symbol  of  that  fraternal  union  wliich  exists  between  Virtue,  Edu- 
cation, Good-  Government,  and  Science. 

Resolved,  That  our  thanks  are  due,  and  are  hereby  heartily  ten- 
dered to  the  Local  Committee  and  to  tlie  Local  Secretary,  for  the  ad- 
mirable arrangements  they  have  made,  which  have  facilitated  the  busi- 
ness of  the  Association  during  the  present  meetings. 

Resolved,  That  tlie  thanks  of  the  American  Scientific  Association 
be  presented  to  the  Champlain  Transportation  Company  for  their  cour- 
tesy and  liberality  in  providing  for  the  Association  the  delightful  ex- 
cursion to  the  grand  scenery  of  the  Ausable,  and  for  the  bountiful  col- 
lation and  charming  sail  among  the  islands  of  the  Lake  on  the  steamer 
Adirondack. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  the 
Directors  of  the  Vermont  Central  Railroad,  the  Rutland  and  Burlington 
Kailroad,  the  Vermont  Valley  Railroad,  the  Eennselaer  and  Saratoga 
Railroad,  and  the  Lake  Champlain  Transportation  Company,  for  their 
liberality  in  furnishing  free  return  tickets  to  those  members  of  the 
Association  who  came  to  the  meeting  over  these  roads  or  by  the  Lake. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  the 
citizens  of  Burlington  for  the  generous  and  elegant,  hospitality  which 
they  have  extended  to  its  members  during  the  session. 
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EEPORT   OF  THE   PERMANENT   SECRETARY. 

Tnis  report  includes  the  business  wliich  relates  to  the  interval  be- 
tween the  commencement  of  the  Buffalo  meeting  (August  15,  18G6) 
and  that  of  the  Burlington  meeting  (August  21,  1867). 

The  Association  now  consists  of  tive  hundred  and  thirtv-nine  mem- 
bers. Eighty  new  members  were  added  at  the  Buffalo  meeting,  and 
one  hundred  and  sixty-six  old  members  were  struck  from  the  list,  on 
account  of  three  years'  delinquencies  in  the  payment  of  assessments, 
their  aggregate  indebtedness  to  the  Association  amounting  to  fourteen 
hundred  and  ninety-four  dollars  ($1,494). 

The  financial  condition  of  the  Association  is  as  follows :  — 

Between  August  15,  1866  (the  first  day  of  the  Buffalo  meeting), 
and  August  21,  1867  (the  first  day  of  the  Burlington  meeting),  the 
income  of  the  Association  has  amounted  to  one  thousand  and  fifty-six 
dollars  and  seventy-seven  cents  ($1,056.77)  of  which  thirty-five  dollars 
and  fifty  cents  ($35.50)  came  from  the  sale  of  copies  of  the  printed 
Proceedings,  and  the  balance  from  assessments. 

The  expenses  of  the  Association  for  the  same  time  have  been  eleven 
hundi'ed  and  forty-two  dollars  and  eighty-seven  cents  ($1,142.87), 
which  may  be  classified,  in  general,  as  follows  :  — 

Cost  of  paper,  printing,  and  binding  the  Buffalo  volume  of 
Proceedings,  five  hundred  and  thirty-four  dollars  and 
forty-eight  cents,  $534.48 

Charges  connected  with  the  Buffalo  meeting,  forty-five  dol- 
lars, 45.00 

Charges  connected  with  the  Burlington  meeting,  twentj'-sis 

dollars,  26.00 

Salary  of  the  Permanent  Secretary,  five  hundred  dollars,         500.00 

Postage,  express  charges,  and  other  expenses,  thirty-seven 

dollars  and  thirty-nine  cents,  37.39 

The  particular  items  may  all  be  found  in  the  cash  account  of  the 
Secretary,  which  is  herewith  submitted  as  a  part  of  his  report.  The 
balance  in  the  hands  of  the  Permanent  Secretary  August  21,  1867, 
is  four  hundred  and  twenty-two  dollars  and  ninety  cents  ($422.90). 
There  is  no  balance  at  present  in  the  hands  of  the  Treasurer. 


Burlington,  August  21, 1867. 


JOSEPH   LOVE  RING, 

Fermanent  Secretary. 
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C  A  S  H    A  C  C  0  U  X  T    0  F    T  H  E 

Dr.  American  Association  in 

Postage, $10.00 

Rijiley's  bill  for  printing  circulars,        .....  7.00 

Sibley's  bill  for  express  charges,       ......       2.00 

Sawin's  express,  .........  1.25 

Postage, 6.00 

Salary  of  Permanent  Secretary,   ......       500.00 

Journey  to  Burlington  in  May,  ......    26.00 

Harris's  bill  as  clerk, 45.00 

Thirty-four  Eeams  of  Paper, 221.16 

Paper  for  cover  to  Proceedings,     ......  6.63 

Postage,   ...  ........     5.00 

Fox's  bill  for  printing, .        75.07 

Fox's  bill  for  printing,      . 47.10 

Assignee's  bill  for  printing, .      153.60 

Abbott  for  binding  Proceedings,       ......   23.32 

American  Academy  for  freight,     ......  5.00 

Sawin's  Express,       .         .  .         .  .  .         .         .         .     4.30 

Blank  book  for  records,         .......  1.00 

Postage,  .         .         .         .         .         ,         .         .         .         .     1.94 

Discount  on  drafts, .90 

$1,142.87 
Balance  to  next  account,         .  ...  422.90 

$1,565.77 


<#r 
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PERMANENT    SECRET  AKY,  Cr. 

Account  with  Joseph  Lovering. 

Balance  from  last  account,          ......  $G6.44 

Assessments  (from  No.  184  to  No.  420  of  Cash  Book)  includ- 
ing the  sale  of  ProceecTings,       ......  990.33 

Received  from  the  Treasurer, 509.00 


$1,565.77 


REPORT   OF  TIIE  AUDITORS. 

This  certifies  that  we  have  this  day  examined  the  above  account  of 
the  Permanent  Secretary,  comparing  the  credits  with  the  receipt-book 
and  cash  account,  and  the  debits  with  the  several  vouchers ;  that  we 
find  the  whole  correct,  and  the  sum  of  four  hundred  and  twenty-two 
dollars  and  ninety  cents  ($422.90)  credited  to  the  next  account. 
(Signed)  B.  A.  Gould,) 

C.  S.  Ltman,  \^^^tors. 
BuKLiNGTON,  August  20,  18G7. 
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List  of  European  Institutions  to  which  Oojnes  of  Volume  XV.  of  the 
ProreediiKjs  of  the  American  Association  were  distributed  hij 
the  Fermanent  Secretary  in  1867. 

Stocllwhn,  —  Kongliga  Svenska  Vetenskaps  Akademien. 
Copenha(jen,  — •  Kongel.  danske  Vidensk.  Selskab. 
Jifjscow,  —  Societe  Imperiale  des  Naturalistes. 
St.  Petersburg,  —  Academic  Imijcriale  des  Sciences. 
"  "  Kais.  Russ.  Mineralogisclie  Gesellschaft. 

"  "  Observatoire  Phj^sique  Centrale  de  Russie. 

Pulkowa,  —  Observatoire  Imperiale. 
Amsterdam,  —  Academie  Royale  des  Sciences. 

"  Genootschap  Natura  Artis  Magistra. 

"  Zoological  Garden. 

Haarlem,  —  Hollandsche  Maatschappij  der  Wettenschappen. 
Lei/den,  —  Musee  d'Histoire  Naturelle.* 
AUenhurg,  —  Naturforschende  Gesellschaft. 
Berlin,  —  K.  P.  Akademie  der  Wissenscliaften. 

"  Gesellschaft  fiir  Erdkunde. 

Bonn,  —  Naturhist.  Verein  der  Preussisch.  Rheinlandes,  &c. 
Breslau,  —  K.  L.  C.  Akademie  der  Naturfoi'scher. 
Dresden,  —  K.  L.  C.  Deutsche  Akademie  der  Naturforscher. 
Franckfurt,  —  Senckenbergische  Naturforschende  Gesellschaft. 
Freiburg,  —  Koniglich-Sachsische  Bergakademie. 
Gott'uigen,  —  Konigl.  Gesellschaft  der  Wissenscliaften. 
Ha^mburg,  —  Naturwissenschaftlicher  Verein. 
Hannover,  —  Die  Naturhistorische  Gesellschaft. 
Leipsic,  —  Koniglich  SUchsische  Gesellschaft  der  Wissenschaften. 
JIunich,  —  K.  B.  Akademie  der  Wissenschaften. 
Prag,  —  K.  Bohm.  Gesellschaft  der  Wissenschaften. 
Stuttgart,  —  Verein  fiir  Vaterlandische  Naturkunde.f 
Vienna,  —  K.  Akademie  der  Wissenschaften. t 

"  K.  K.  Goographischen  Gesellschaft. 

"  Geologischen  Reichsanstalt. 

*  Also,  Volume  XIV. 

t  Also,  Volumes  I.  to  III.  and  V.  to  IX.,  inclusive. 

X  Also,  Volume  II. 
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Wiirltemhurg,  —  Der  Vcrein  fiir  Vaterliindische  Naturkunde.* 

Basel,  —  Natiu'forscliende  Gcsellscliaft. 

ficrn,  —  AUgeiueiue  Schvveizerische  Gesellschaft. 

'•  Naturforschende  Gesellschaft. 

(]eneve,  —  Societe  de  Physique  et  d'Histoire  Naturelle. 
Neuchaiel,  —  Societe  des  Sciences  Naturelles. 
Bruxelles,  —  Acadcmie  Royale  des  Sciences,  &c. 
Cherbourg,  —  Societe  Academique.f 
Dijon,  —  Academic  des  Sciences,  &c. 
Liege,  —  Societe  Royale  des  Sciences. 

Idlle,  —  Societe  Natiouale  des  Sciences,  de  1' Agriculture,  et  des  Arts. 
Paris,  —  Institut  de  France. 
"  Societe  Philomatique. 

"  Societe  Meteorologique  de  France. 

Turin,  —  Accademia  Keale  delle  Scienzie. 
•  3Iadrid,  —  Real  Academia  de  Ciencias.| 
Cambridge,  —  Cambridge  Philosophical  Society. 
Dublin,  —  Royal  Irish  Academy. 
Edinburgh,  —  Royal  Society. 
London,  —  Board  of  Admiralty. 
"  East  India  Company. 

"  Museum  of  Practical  Geology. 

"  Royal  Society. 

"  Royal  Astronomical  Society. 

"  Royal  Geographical  Society. 

3Ianchester,  —  Literary  and  Philosophical  Society.§ 
Batavia,  —  Societe  des  Arts  et  des  Sciences.  || 

*  Also  Volumes  I.,  H.,  HI.,  V.,  and  IX. 
t  Also,  Volume  XIV. 

I  Also,  Volumes  I.  to  VI.,  inclusive. 

§  Also,  Volumes  I.  to  XIII.,  inclusive,  except  II.  and  IV. 

II  Also,  Volumes  I.  to  XIV.,  inclusive. 
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on  Zoological  Nomenclature,  169. 

standing,  x. 

Committees.  s|iecial,  ix. 
Communication  of  Vibrations,  17. 
Communicalifins,  immbcr  of,  162. 

titli-s  of,  1.59. 

Constitut'uin  of  the  As.sociation,  xiii. 

,  Amendment  to,  proposed,  xx. 
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